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ABSTRACT

This study illustrates a method of architectural-
pranning by use of a digital computer" The computer uses

as input data relating to the performance of an existing
building similar to that under design. These data include
interactions between different. activitíes, time and motion

study of personnel, salaries and cost, of operation, fíre
requiremenLs and site limitations. \

The computer output is a scale plan of the required
project that j-nsures optimum performance for a minimum

running cost" The study all-ov¿s the user to prace restric-
tions in the plan such as pre-located stairwells, outside

configurations", etc. ft can be applied either for the

planning of a new buirdingr or re-all-ocation of facilities
within an existing building

aal-
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TNTRODUCTION

The creative act in architecLure occurs throughout

the design process. The architect is an artist whose brain

serves as Lhe ultimate computer, programmed by years of
experience and sensitivity to visual phenomena. This means

that the planning process is largely influenced by the

experience, imagination and talents of the individ.ual

designer, rather than by sotid facts. programming of
facilities for a certain project may be interpreted
differently according to particulars of the architec.t

involved. Various interpretations result in wide varieties
of concepLs regarding the same project. The i:asis of com-

parison are ofLen quiLe arbitrary. These fact.s expose

architectural v¡ork to casual criticism from any individu.al

who can derive his o\,vn concepts " This is not the case in
engineeríng d.iscipline, where rigid f acts and rul-es of
proced.ure can protect the scientific work from any unquali-
fied criticism.

Previous efforts have been made to emphasize the

impact of rfactst on architectural planning, rather than

individual judgement. These rfactsr were interpreLed

mathematically to form the pattern of relative interactions

between various components of the project. The final inte-
gration of these components were based upon the computed

pattern of interactions
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. The purpose of this study is to expand the approach

to computer aided design and to investigaLe the prospects of
its practical applications.

The interactions between dífferent components of the

project will be evaluated in terms of costs involved and time

consumed eLc. in order to determine theÍr optimum locations.
Components with relatively dense patterns of interactions
will be located closer to each other than to those with
lighter patterns. Because of the complexity of differenti-
ating various patterns of interactions with respect to al1

Iocatíons available to those components, a digital cornputer

ís utilized to generate tl:e required ptan by optimizing
proximities of its components accorcling to their rel-a-tirze

interactj-ons " The economical merits of this approa_ch v¿i11

l:e evaluated to investigate the prospects of iLs practical
applications



CHAPTER T

METHODOLOGY

1.1 Architectural Concept

The pattern of interactions between different com-

ponents of a project will have l-o be expressed in digital
forms before a computed integration of these components can

take place. Such inte::actj-ons may be of any type and would

be adjusted to al"ìy scale to suit the problem consj-dered.

For exarnple n the micro interactions considered when evalu--

ating the relative locations of furniture or equipment

wi.th-i-n a, -'l.imitecl- spa.cer can be expanded. to handle alfcca.L'i cn

of f acilit.ies in a- large city.
The following are a few sugges'L.ions of various forms

of these interacti-ons:

A. Quantitat.ive evalgation of density of movements between

different components

B" Qua-litative categorization of movements based on func-

tions or cost involved in these movements.

C. Particulars of materials Èo be handled, such as unit
weight and size, nature and function, frequency and. cost of

handling or storing

D. Mixed patterns of physical communications between

activities. For example, if a belt conveyor is the means

of communication between two activities, and if the objective

3



is to minimize the cost of commu.nications, then these two

activities would have to be brought close to each other.
But if a third activity communicates with the first activity
through a pneumatic system and rvith the second by personal

contact.s, then a system of compound pattern of interactions
has to be used. The running cost per linear foot of the
pneumatic sysLem shourd be compared to that of the bel1-

conveyor and the movement of personnel" The relative loca-
tions would be determined to minimize the over-all running

cost of communication

E. cost of relative l-ocations with respec-1. to rent rates,
vacancies. assessment of taxes, etc" The opì:imum plan should

satj-sf1z a,ssr-rmptions ba-sed- upon any of these fac+-ors"

The previous presentation of forms of physical inter-
actions has not accounted for the spiritu-al- aspects v,ihich,

in many cases, may be of primary J-mportance. The impact of
cultural and sociological considerations on the planning

process would be evident when comparing two lcuildings of the

same function, built in two different places t oy built in
two different tj-me periods within the same locality.

Such spiritual considerations have to be assigned

physical values before they can enter into a computational-

process

r.2 Economical Merits

The approach of founding the

daily interactions between different

planning process on

activiLies not only



op'Limizes the performance of the building, but also could

resurt in substantial savings with respect to the building
economics. The fixed cost of a project, in terms of site
value and erection expenses is usually taken as the prime

factor to consid.er when studying the economícs of the

project. The annual running t or operating cost, includíng
lighting, heaì:ing, mainterrance, taxes, insurance and salaries
of personnel worJcing in the building is usually a secondary

consideraLion" This should. not be so¡ as preliminary studies

showed that the annuar running cosL of any building courd be

many Limes the amortized capital cost of construction.

T"2"L -cj¡1pggg"lgg[""" orisinel ""d r
Taking the University of trtanitoba Administration

building as a sample for a comparison between the running

and original costs:

A. It was found that the original fixed cost at the time

of erectj-on (IILA) was ç27L,400. Then assuming this cost

was paid through a mortgage of 60 years length, with an

ínterest rate of 7%, we find the annual equivalent cost by

using'the formula:

r=Vox i (r + i)n
(1 + i)n-l

where:

*
Reginald

Press Comp., New
D. Forbes,

York, L955,
rForestry Handbookr, Ronald
Section 15, 16.



T : annual equivalent cosL
Vo: original fixed cost
i : interest rate
n : building life or length of mortgage

Then the annual equivalent cost of the building

- 271,400 x .07 (1.07) 60

(r"otcr - 1 -
= $19,300 approx"

B. As for the annual running cost of the building, the

d.aLa obLaíned from the accounting department. of the univer-
sity of Manj-toba, concerning the annual running cost of the

Administration building, shows that the total a,nnuar sa-lary

cos'i:s of employees working in the building is $1,458,615,

and the operat.ing and maintenance costs are equ.al to :'

t,

ç43,443" This brings the total running cost of the building
to $1r5021058. The ratj-o between the annual running cost

to the annual equivalent rate of the fixed cost would be

I,502,058:19,300 or 77 :L. This ratio may be exceptionally
high for special reasons related to this specific building.
Applying any reasonable tolerance as a factor of safetyr wê

still find that the ratio of the annual running cost to the

annual equivalent rate of the original cost is 1arge.

The previous analysis suggests that any smaIl per-

centage reduction of a building's annual running cost would

be much more significant than if the same percentage was

saved of its original fixed cost. This would justify any



effort meant to reduce the running cost of the building.
The summary of the cost figures on Lhe Universíty of

'Manj-toba Administrat.ion building demonstrates that the major

part of the annual running cost is consolidated. in staff
salaries; and., therefore, the effort to minimize the running

cost should be focused on this area. A considerable saving

might be achieved by optimizing the performance of personnel"

1.2.2 The impact of efficiency of performance

An appropria-te allocation of facilities will have an

immediate saving by minimizing the time spent on movements

between dif feren'1. locations. This would a-llow i-he same

number of activities to be carried out by a fev¡er nuirJ¡er of
personnel or widening the range of activities that may be

carried out by the present humber " These savi ngs may be ,:

surpassed by gains from optimizing the efficiency of per-

formance of staff members. The physical interactions of an

individual refl-ect on his mental potential. While a

reasonable amount of physical effort may stimulate his

menta1 energyr ârr excessive amount of movement can lead to

exhaustion and drop of efficiency. Mental duties assigned

to each individual have to be considered in the light of the

physical effort ínvolved. Adjusting the pattern of physical

and. mental duties of each individual to fall within the

zone of optimum performance, Figure (1), will optimize his

capability and consequently the performance of the whole

plant
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l" 3 Methodology of Planning

As optimizing the efficiency of performance can

minimize the running cost of the building, it wirl be used

to formarize a precision approach to ,the planning process.

The performance of an existing building of similar funct.ions

will be analysed to determine the space requirements and the
pattern of interactions expected to take place in the

building to be designed. Efficiency of performa_nce of a

building may be expressed a-nalytically in terms of running

expenses involved., time consumed, qualiLy and quantity of
output" Several factors may affect such performance. A

brief outline of some of the main factors:
/\. Spccial-ization and training of personnei.

B. Sysi:ems ana-Iysis of the seguence of operations and

network analys is and/or simulation to opti-mize productivity
and eliminate slacks or contradictions.

C. Quantity and quality of equipment available. Sufficient
amounts of modern equipment will speed processing, while

inadequate, or old fashioned equipment may cause drastic
t'bottle necks " .

D. Space requirements" An overcrowded space may reduce

efficiency of performance as an oversized space might

E. Relative allocations of facilities. Ptroper distribution

of locations may minimize intermediate novements and save

tj.me and cost spent on such interactions

As is evident from the previous outline, a
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comprehensive analysis of all- factors affecting efficiency
of performance may l-ead to areas beyond the scope of this
study. This study sharl confine its concern to the physical
aspects of space requirements and a two dimensional arrange-
ment of facilities. particulars p"rt-irring to other f a-ctors

are assumed to be ad.justed to perfection before the start
of our procedure.

1.3.1 Procedure of practical application
The actual rneriLs and. rimitations of this approach

may be more evident through an irlustration of its practical
applica-tions

The Univers j-ty of Manitoba's existing Ad.ministration

building will serve, in this exampler âs the source of data

required for design of a new modern administration building.
Theproceduread.optedforthep1annirrgproceSSmaybe

divided into two main phazes:

A" Establishing the criteria of design: This will be

accomplíshed by evaluating the present performance with
respect to daily interactions and space allocations. A

sample of fieId. study will take place at the registrarrs
general office. The pattern of movements of different
personnel will be recorded and the cost of these movements,

in terms of salaries of the individuals invoJved, will be

computed.. Space allocated to different activities will be

checked to evaluate its impact on the present performance.
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The data collected from this survey wilt be modified to

present the specific requirements of the new þuilding.

Space allocations will be represented by a number of space

modular elements, and. the predicted pattern of interactions

will be prepared from the data available.

B. ComputaLion stage: The interactions determined from the

previous st.udy witl be used to arrange the modular space

elemenLs allocated to different activities in a way that

would minimíze the cost of their communication. This proce-

dure will be explained in detail in Lhe following cha-pters.

1.3.2 Growth and. change

' The computed plan should be as flexible a.s the rate

of change of activities accommodai:ed rvithin it. An updating

process shoutd be performed periodically to any plan to

insure a particular level of performance" This updating

depends largely on the degree of flexibility maintained in

the p1an. Flexibility may be measured in two ways:

A. The cost and time consumed for alterations of space

allocations.

B. The number of alternative allocations of facilities'that

can be accommodated. within the same space.

The degree of desired flexibiLity depends largely

on the type of building consid.ered, while the functions of

some buildings are hardly changeable, other buitdings may

require a high d.egree of flexibility. The factors governing
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flexibility are:

A" structural systems with respect to rive Loads and cl_ear

spans. rt should not only answer the present needs, but
also be capable of accommodatl.ng any ,predic.table changes of
present. activities.

B. Means of r¡ertical and hori-zontaL circulations, and Lhe

number of alternative arrangements of facilj_ties thaL courd

be served by these means.

c. All-owances through the mechanical system that can be

switched to locatións with changing needs

D" The boundaries of space allocated to different facilities"
This includes structurar wall-s, parti'tions systems, built in
furniture or equipment.

The updating process should checlc not only t-he

relative locations, but also the space allocations to insure ,

the capability of accomrnodating the short term growth of
different activities. some activiLies have to be provided

with spaces subst.antially larger than the actual needs to
serve as an overflow for other growing activities. However,

a substantial expansion of many activities wirl- necessitate
an over-all expansion of the space available.



CHAPTER IÏ

CRITERIA OF DESIGN
I

2 "L Collection of Data

The data to be collected for this study are required

1-o cover three main items:

A. Activities, including procedures and i-nvolvements of

each acLivity, space all-ocations and cycles of change, if
any'

B. Personnel, including categorization, changes in numbers,

and interactions between different individuals.

C. Äny special consideraL.ioirs af fecting the present imag'e,

that have to be eliminated or manipulated during the planning

process.

These d-ata have to be collected over a representat.ive

lapse of time to insurê a valid image of the existing per-

formance. It should be noticed that the final design would.

be as good as the degree of accuracy maintained in estab-

lishing its criteria. Three main sources of information will
:

be considered for the preparation of the required data:

A. Documents: For any confidential informations pertaining

to personnel. (i.e., salaries, administrative statusr or

different cost estímations)

B. Interviewing: For the outline of sequence of perform-

ance., duties involved, and the outp.ut of different activities
13
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and personnel- 
"

C. Observations and work study, using time and motion

recording techníques in preparing a detailed pattern of
interactions between different individua,ls and. activities.

A summary of particulars of the required da_ta and

the corresponding sources of information is presented in
Figure (2) .

2 . 1" 1 Activj-ties analysis

The registrarts genera-l office considered for this
study occupies an area of about 3600 square feet, in the

south side of the third floor of the U. of I-,i. Administration

buiJ-d-"ing" One of tl:re maj.n architec'tura.l. features of this
classical building is the central hal1 accommodating the

main staircase and connecting the four wings of the

building. The disadvantage of this plan form became \
evident as related activities taking place in one wing grew

larger and had to be al-l-oca'ced extra space .in other wings

or other floors of the build.ing. This compulsory allocation
of space results in a consj-derable drop of efficiency and

causes inconveníence to personnel involved in daily communi-

cations between separated departments.

From the various sources of information discussed

previously, particulars pertaining to each activity wetre

co]Iected. A concise sunìmary of these. particulars is as

follows:
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Activity # 1: Examinations ç I"D. Cards

Allocated an area of 220 square feet, and performed

by one staff member classified as examinations assistant.
Dutj-es include preparation of r.D" cards for the university
community and preparatory arrangenenLs for examinations

seating. The interactions of this activity are seasonal

and largely expancled dur:ing the examination periods and the

start of the academic year. The normal load of work

necessitates some visits to Lhe r.D. center i-n the Fletcher
Argue building and- other locations ou'tsíde the Administra-

tion build.ing. MovemenLs v,¡ithin the area are mainry to the

reception coun'ter to ans\'Jer any students inquiries pertain-
ing to I.D. cards or examination seati.ng. In the peak

period.s, extra personnel are hired to help in clearing the

excess load of work. A space for those extra personnel is
provided within the area, but it is consÍdered idle'in the

normal load períod"

Activity # 2: General Files

Allocated an area of 520 square feet, and. attended

by two filing clerks. Duties other than filing, include

mail distribution and periodical relief of the telephone

operator. The students files are kept in this room for a

period of five years before they are transfered downstairs

to the microfilm department. The general files act as a

nucleus to all other activities within the registrarts
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office. Staff members located in
building contact the filing room

taining to students.

different parts of the

for any information per-

Activity # 3: Associate Registrar

Allocated a space of 275 square feet, which provides

for a privat.e office for the associal-e registrar and a work

station for his secretary. Duties includ.e communications

with departments located in other parts of the building.
The internal interactions within the area are mainly with
the registrar and tire records supervisor. rnconvenience to
visitoi:s are caused by the lack of waiting space, and the

twisted route, through cramned desks, they have to take to
reach thís office "

Activity # 4; Records Supervision

Allocated a private office for the record.s super-

visor and a working station for his secreLary, a total area

of 220 square feet. Duties involved in this activi_ty

include communj-cations with departments located in the other

side of the building, other fl-oors, and with various

faculLies on campus " The internal interactions are mainly

with the associate registrar and the gene¡aI files.

Activity # 5: ConvocaLions

This activity is performed by a staff member
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classified as convocation coordinator and an assistant.
Their duties j-nclucle arrangements for convocations r and

therefore a substantial amount of the activity communications

invorves with places outside the administration building.
The space allocated to this activity is about 260 square

feet.

4ct-fl¡rly # 6r che"k of Re

This activity is performed by one person classified
as records examiner. The du-ties include visits to the

microfilm d.epartment, one fl-oor berow. The space allocated
to this activity is a]:out 70 square feet.

Ac'L.ivity # 7: Fees

This is one of the busiest activi-ties in the

registrar's office. It is performed by a chief fee clerk
and two assistants. Space al-l-ocated is about 170 square

feet. It has relatively dense interactÍons with the recep-

tion counter. A smalt number of visits are made to the

upper floor. The load of work and density of interactions
depends upon the season of the year. In the peak periods,

extra space and personnel may be required to handle the

extra load.

Activity # B: Contrgl

This is performed. by a control cLerk and an assistant.
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The area allocated is al:out I20 square feet, with a space

for sorting students forms and keeping other relevant
materials. The daily coamunications incLud-e visits to the

data processing center across the staj-r hall, and to the

current files tocated in the upper floor.

Activ:i,ty # 9: Transcripts

The main functions of Lhis activíty are to receive

. the students applícations for transcripts, check their
courses and grades with di fferent departments and finally
prepare a lamina-i:ed photo copy of the student¡s history.
This activit.y is carried out by two staff members. Their

ínternal interactions are mainly ivith the control department,

and the vault. A few visits are mad.e to the comptroller¡s

offj-ce in a lov¡er fl-oor. The slrace all-oca'ted to this
activity is about L20 square feet including the area required

for both the Xerox and laminating machines. This activity
passes through peak periods during which exLra space, and

sometimes personnel, are required. to carry the excess load

of work

Activíty # I0: Education and Graduate Studies

Performed by a senior personnel and two assistants.

Their interactions within the area are mainly with the

reception desk and the general files. The daily work

necessitates a number of visits to the admissions department
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located in the north end of the building, and to the upper

floor" A few visits may be made period.ically to the

faculties of Bducation and Graduate studies. The area

aI]ocated to this activity is about I20 square feet.

Ac!:yaty # ilt The Regfs'

Allocated a space of 275 squ.are feet which prorzides

for a private office for the registrar and a smarl recep-

tion area and work station for his secretary. Duties

involve commu-nical-ions ivith the associate registrar, and a

substantial number of visits to other d.epartments within
and r¿ithout the Administrat.ion buitding.

Actir¡ity # 12: Mature Student Ad.viser

This activity is performed by one staff member. The

daily interacl-ions are mainly with offj-ces ouLside the area

considered with the exception of a few visits to the

registrar's offj-ce. The area alloca'bed to this activity is
about r20 square feet. rts location next to the stair hall
is. not justified by the few interactions made to the outside

departments.

Activity # 13: Thê Reception

Allocated a space of 350 square feet which provides

for a small waiting area, a reception counter and a dummy

waiter for delivery of materials it is attended by a
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receptionist who operates the switchboard and is responsible
for addressing students ínquiries to different departments.

Activity # f4: The Vault 
,

This activity invorves the safe keeping of the
academic documents of the university. rt has been allocated
an area of 160 square feet. special measu::es were taken for
protectíon against fire and to secure documents from theft
or distruction" Filing duties within this activity are

att.ended by the staf f of the general f iles. rts internal_
interactions are mainly with the transcript.s department.

An area of 300 square feet located in the southern

s j-de of the st.airhall- represents the access to the registrarrs
general office. A very dense pattern of interactions betv¿een

this access and the reception desk is formed by students.
staff members from most activities pass through this area

during their daily inLeractions with external activities.

2.1.2 Categorization of personnel

A consistent way of evaluating the interactions
between different individuars is by categorizing these

interacLions with respect to any choosen datum. The form

of interactions consid.ered for this study ís the physical

movements of persons. The datum considered is the cost of
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these movements in terms of Lime consumed. and. salaries of
persons invorved. To minimize complications when dealing

with large numbers of persons and wide variety of sararies,
a system of grouping will be adopted", staff members wirl
be classifíed in a number of categories according to their
salaries and administrative status " The range of each

category, i11u.st::ated in Figure (3), wirl be represented by

a number of salary strata" The forlowing considerations

are suggested. to d.etermine the nuni-ber of strata in each

category:

A. The salary range of lower caLegories should be narroi¿er

than those of higher categories, as the numl¡er of persons

in the lower saiary strata ar:e usu.arry high.- and therefore,
even a narllovJ range would ínclude a substantial number of
persons 

"

B. tr{ithin the rang'e of a category, Lhe number of persons

in íts central sLrata could be slight.ly higher than j-n its
border strata" This expresses the fact that most of the

new comers to any category would progress to its central
strata and a lesser number are promoted. to its higher strata.
C. A significant sudden drop in number of staff at any

stratum would suggest the starting of a new category.Figure

(4) illustrates graphically the boundaries of different
categories according to the previous considerations. We

shall apply these criteria to determine the number and

range of different categories of personnel in the registrarts
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office

From the payroll authorization report the staff
members \dere grouped according to ilreir annual salaries in
$1000 intervals. The number of persons ín each stratum are

shown in Table (1).

The different strata were plotted. graphically.
Applying the previous criteria, it became evident that
personnel can be grouped into three ca1-egories as illus-
trated in Figure (5) " The mean salary of each category was

calculated according to the number of persons in each strata.
in the f ollov¡ing wa)':

CATEGORY (1): The salaries of persons in this category

ranges from $9,500 to $17,500" The staff within this range

are the three top executives. The average annual salary
for a person in this category - 10'000 + 13¿0-00 + 17,000 -3

$13,300.

CATEGORY (2) z under this category 13 senj-or staff members

are considered. Their salaries range from $5r500 to g9r50o.

The averag'e annual salary for personnel in this category =
(3x6000) + (4x7000) + (3x8000) + (3x9000) _ (" 

^^^- P / r ¿¿UU.

CATEGORY (3): The bulk of the tasks in the ¡egistrar's
office are performed by the 21 persons under this category.

The annual starting salary is $21500 and. its upper bracket



Strata of Annual
Salar

Number of persons

TABLE 1

Number of Persons in Different Salary Strata

From
È

2500

From
ê

35 00

From
(

4500

From
Þ

ss00

From
ê

6s00

From
$

75 00

From
$

8500

From
(

9500

From
P

12s00

From

16500

N)
(n
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is $5,500 per year.

Then the annual average salary
(e x 4000) + (l(5 x 3000) +

of category
x 5000 )

= 94,000 .

2L

2"L" 3 Summary of Activities

After categorization of personnel each staff member

was assigned a number as a form of identifícation d.uring the

computatíon process " The number and category of each person

and. an outli-ne of his involvement with external activities
are summarized in Tab]e (2) " Figure (6) shows the working

stations of different personnel.

2) Time and Motion Study

The previous summary of activitied involvements

wíth l-ocations outside the area, is complementary information

Lo the pr.ecise pattern of their int.errelationships. This

witl be determined through a detailed time and motion study

of personnel. such a study must be made over a representa-

tive period of timer âs the nature and quant.ity of work

handled in the registrar's office varies over dj-fferent.

seasons of the academic year. Even the number of personnel

performing different activities and. the pattern.of their
interactions rnay vary from time to time. For exampler âr

activity with normally very few interactions at the start of

the academic year may double its interactions d.uring the
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o
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Room fit\o. z

303

305

Activity

I

2

Description

Examinations & I.D.
General- Files

¡

Associate Registrar

Records Supervisor

Convocations

Check of Records

Fees

306A 3

3068 4

306C 5

TABLE 2

Summary of Existing Activities

306

306

Ar
g.

ea
Fr. )

$-l

C)

a
k
5

6

7

220

520

275

220

260

70

170

Persons

306

1

2
3

4
5

6
7

B

9

Classification

Exam" Assistant

Sen" Filing Clerk
Filing Clerk

Associate Registrar
Secretary

Record.s Supervisor
Secretary

Conv. Coordinator
Conv" Assistant

Record Examiner

Chief Fee Clerk
Fee Clerk
Fee Clerk

Control Clerk
Control Clerk

Control

g
o
tn
c)
tJ
rd
U

Involvement with External Locations

North Down- the

10

11
L2
I3

L4
I5

2

3
3

t
3

2
3

2
3

side Upstairs stairs Buildin

l-20

frequent
frequent

frequent
frequent

frequent

Iimited
limited

limited
frequent

frequent

)
J

2
)
J
')
J

3
')
J

limited
limited

limited

frequent
frequent

frequent

frequent

limited
frequent

frequent

limited

frequent

limited

Iimited
limited

t\)
@



TABLE 2 (Continued)

Activity

Room
No.

L{
0)
.l

Êj

306 9

306 10

Description

Transcripts 1,20

Educ. & Grad. Stud. 120

307 11
30 8A

3q8 12

309 13

304 14

300 15

The Registrar 300

Mature St. Adv. L20

Reception* 350

Vault* 160

Stairhall* 300

Area
"Fr.)

H
()

dH
:J
A

Persons

16
T7

1B
L9
20

2L
22

¿J

.A

Classif -ì-cation

Transcript Clerk
Transcript' Clerk

Sen, Grd" St. Clerk
Education Clerk
Clerk

Registrar
Secretary

Student Advisor

Receptionist

*Interactions of this activity are confined to receiving visits from other
activities.

IJ

tn
C)
Ð
rd
U

Involvement wíth External Locations

North
side

3
.)
J

2
3
3

1
J

¿

)
J

Upstairs

frequent limited
frequent frequent

limited limited
limited

Down-
stairs

Outside
the

Building

limited
limited

limited limited

frequent

t\)
\o
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examinations season.

However, this study was carrj-ed ouL over a relatively
short period of time. Other sources of information helped

in adjusting the col-lected data to present the years

activity "

2 .2 "I " Prepa-ra.tolîy procedures

Preparatory steps made before starting the time and

motion study:

A. Definition of boundaries: The bounda.ry of each activity
has been determined. according to the numl:er and s:-ze of

working stations allocated to persons a-nd equipment per-

forming this act-ì-r¡j-ty " A person from ancl--her activity has to

cross these boundaries physically or verbally in order Lo

count a qualified visit to thís activíty. Unqualified visits
are those made for reasons oLher than work, holever such

vísits were neglected- and have not been recorded. Verbal

vj-sits, i.e. those made without physical ínterception with

the activity boundaries were includedr âs they are quite

common when dealing with large areas accommodating adjacent

activities.

B. Destination points: Within the space allocated to each

activity there are focal points that receive the visits made

to this activity. These points are either wotrk stations or

locaLions of specific equipment or furniture. Each of those

destination points had been assigned an identification
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nurnlf,er" This numJ:er witl be needed in case of desire to
relocate the working stations within each activity according

to int.ernal interactions between them.

c. Guide points of communication routes: The locations
of doors and the arrangement of aesrs and odrer pieces of
furtniture or equipment governs the routes connecting

dif ferent destinat.ion poin'bs. rn order to locate a partj--
cular route on plan, serial nu.mbers. have been assigned t.o

various points in plan wliere a change of direct,ion may take
place. For example a typical route called (t¿,-ttl-lr8-41)
will be interpreted as a visit originated. from the work

statíon number L4 to the dest.ination poj-nt num]cer 41 passing

by the point.s LL7 and 118 
"

A plan of the. area consid-ered was prepared to a

reasonable scale (L/4" = lr0r', and all the previous prepara-

tory stages were located on it (Figure (7) ) "

2.2.2 Motion recording technique

In dealing with actj-vities where the patterns of
movements for different members of the activity are identi-
cal, it is practical to record the movements of one person

as a representative for each group, and multiply the number

of visits rnade to different destinaLions by the total
a

number of persons in the group. Considering theUregistrarrs

office it was found rather difficul-t to determine such a

representat.ive for each group, and because the number of
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persons invol-ved was relatively smaLl, iL was found moie

feasible to record the movements of each ind.ividual. This

was accomplished by observing each person during different
times of the day and over a number of days to insure that.

the movement pattern is not influenced by some personal

reasons or arbitrary coinciclences. The moveme¡rts were

recorded using the number of destina'tj-on points, and change

of direction points to locate the flow of movements within
the area considered. Table (3) represents a sample of
motion study recorded. for person number (1) during four

working hours. A complete set of tables recording the

motion pattern of the other personnel is presented at

S,ppendix C. Using these 'tables a string diagram was pre-

pared to present physi-cal-ly the movernent pattern of each

individual during a typical woricing day. The number of

strings connecting 'the original work station to any d.estina-

tion point represents the number of visits made to, and

the number of returns from 'bhis destination point" This

j-s illustz'ated in Figure (B). The easy preparation of the

string d.iagreim ancl the adva.ntage of having a visual
illustrabion of interactions within and without each activity,

make it an efficient tool in the manual decision making

process concerningt the rela'tions be'tween activities. How-

ever, even if these relations v¿ould þe determined through

computations, the string diagram may be retained and com-

pared later with a string diagram prepared for the final
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TABLE

ActiviLy:

Person:

Category:

(3)

I

I
)

TIMB AND }ÍOTION STUDY OF

Activity:

Person:

Category:

PERSONNEL

Continue

Same

Same

Dat.e: october 22 , L97 0
Starting Time: II:15a.

(own working
staLion)

103 - L07 -LzB

LL5-r2B-104

L02-L36*L26

L26- 13 6 -10 2

10 3-I02

t0 1-r02

10 3-102

10r-102

r04-107 -L27

128-I06-104

r0 3-102

102-I03

Destinatiorf, Change of
Point lDirection Points

*

4

+

L4

+

46

.L

46

*

6

*

46

+

d at: 12:00 noon
ime recorded: .45 minutes

Destination
Point

Change of
D-irection Points

Date: Same
StarLing Time: l:00 p.

46

ú

46

*

46

*

46

t(

46

'*

46

*

46

.,*
46

(own rvorking
station)

l0 3-102

10 2-r0 3

10 3-10 2

102-10 3

103-102

102-10 3

103-102

102-10 3

I03-102

102-103

10 3-10 2

102-103

l0 3-10 2

I02-10 3

r03-102

End at: contÍnue
Time recorded: incomPlete
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TABLE (3) (continued)

ActivitY:

Person:

Category:

I

same

same

Activity:

Person:

Category,

continue

same

same

Destination
Poin'l-

Change of
Direction Points

Date: s
Starbing

me
Time: l;00 p.m

*

6

46

*

46

46

*

46

+

4

*

46

*

Continue

102-103

10 4- L07 -L27

128-10 6-L04

10 3-102

102-103

t0 3-102

102-103

10 3-102

102-103
I

1103-r02
I

l

lroz-ro¡
I

llo 3-107 -LzB
I

lrrs-rro -LzB
I
I
lr0 3-102
I
1102-103

End at: continue
Time recorded: incomPlete

Change of
Directíon PoinLs

Destination
POINT

Continue

10 3-10 7 -L2B

r15-116 -LzB

r0 3-I0 2

Dal-e: same
Start,ing Time:

End at: .3:15 P.m.
Time recordedz 2.L5 Hr.
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. TABLE (3) (Continued)

' Activíty:

. 
* Person:

Category:

I

same

same

Activity: continue

Person: same

Category: same

Change of
Direction Points

Destination
Point

(own working
station)

I0 3-I0 2

102-10 3

t0 3-10 7 -LzB

128-107-103

10 3-I0 7 -L2B

128-107-r03

103-102

r02-I0 3

10 3-10 2

102-r0 3

103-I02

102-10 3

10 3-10 7 -r28
12 B-I0 7 -r0 3

103-I02

:k

46

4

t<

4

+

46

46

*

46

.*

4

.*
46

Da-te: November 2 | L97 0

Starting Time: l-:10 P "m"

d. at: continue
me recorded: incomPlete

Destination! Change of
Point I nirection Points

102-103

10 3-102

102 -10 3

Date:
Starting Time:

d at: 2.L0 P.m.
ime recorded: 1.00
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design. The total length of the string when unfolded would.

represent the Lotal distance in feet. covered by the individ-
uals concerned. A comparison betleen the total distances

covered in the existing plan and that for the proposed

desígn would make it possible to measure to a reasonable

degree of accuracy the amount of tirne saved d.uring the

physical communications betv¡een activities.
The sum of visits received by various destination

points within an activity v¡ill represenL the total number

of visits paid to this activity. Table (4) illustrates the

suntmation process of visits received by different destination
point.s from an individual during a specific time. This

process is meant to find the in'beractions between all
activities in terms of these visi'b.s. A complete set of

tables of exchanged visits by all individuals appears in
Appendix D.

The sum of visits paid to each activity has to be

checked to insure that it. represents a normal pattern of

interactions, and that inconsistent reasons, such as the

absence of some staff members or a particular equipment

being out of order do not influence the output of the

survey

Other special factors have to be considered, as in

case of interactions between the stairhall (activity 15)

and other activities.. It had been noticed that visits made

to the stairhall were often part of longer visits paid to



T.ABLE (4 )

Visiting Activity:

Visiting Person:

Category:

TNTERACTIONS
,

1

I
2

BETWEEN ACTIVITIES

40

Receiving Activities

sI o lz I e lg ¡-o lrr hz ir¡ ir¿

Ð.-l
L

.vl
--l
Ð
U
rd

o
rd
0)

o
JJ

(n
Ð
--l
m

..1

tH
o
l{
(.)
ô
Ë
Jz

ú
J?

ú
+

ù
+

t<

:l

:k

+

J

ù

ù

Total visits in
4 " 00 hours

Total- visits/day

Modified final
interactions



4I

activities located in other parts of the building. This
means that the number of such visits have to be modified to
express the fact that the time consumed in communication is
more than that spent to reach the stairhall.

Other special cousiderations \{ere made for the inter-
actions lcetween act.ivity # Z and +i ] 4. Visits made to the
genereil f ires by members of other acLivit.ies, in many cases

\,vere extended to the vault" This represents an essential
proximity between the vaurt and the fíles although these

visits are made by rirembers of other activities. The f inal-

mod-ified pattern of the present. j-nteractions is shown in
Table (4 ) '

1.3 E"t"blf=h*.

The data collecLed from the previous analysi-s of
activíties, and time and moi-ion study of personnel within
the existing building wil-r serve as a guide for establishing
the criteria of the required building. Necessary modifica-
tions have to be made to the present pattern of interactions
and space allocations to correspond with the new require-
ments. The procedure of establishing this criteria is
illustrated in the following stages:

2.3.I Space allocations

The space to be allocated

vid.e the minimum requirements for

to each activity must pro-

optimum performance. This
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will- be determined accord.ing to ilre number and size of work

stations, and the pattern of internar inLeractj-ons within
the activity"

It has been noticed that some activities, such as

those concerning senior executj-ves are usually allocated
rarger spaces than is actually required for performance. rt
\¡¿as also noticed that the arrangement of work stations wiLhin
a certain space may be largely affected by ethical factors
rather than efficiency of performance. Figures 9 and 10

il-l-ustrate an exampre of the impact of sucir ethical aspects.

Horvever such impacts have to be scruLinized as to the inítial-
and running costs of the building.

Actir¡ities invo]ving repetative procedures, or speciai-

equipment with high running cosL, ha.ve to be given special
attention to insure that the space allocated is of the

proper size.

2.3 " 2 }Íodular presentation i

The modular space element chosen for this particular
exampre is 100 square feet. This is an appropriate size in
office buildings, as it may accommodate an admj-nistrative

work station with a reasonabre space for circuration and

accessories. Figure (11) íl-lustrates the space analysis for
an activity to determine its actual need.s. According to
this analysis, the area required for each activity was

determined, and presented by a number of modular erements.
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¿"J.J Final pattern of interactions
The data col-rected from the exÍsting buitding will

have to be modified to suit any anticipated growth or change

of existi-ng activities. These change,s will be presented by

a corresponding number of interactions within the activit.ies
involved. rf more personnel will ]:e accommodaì:ed in the ne\,v

buj-lding, their pattern of movements will be based on the
existing patterns of interactions of those activities they
will- be j-nvol-ved in. Table (5) illustrates the finar pattern
of interactions expected to take place in the neiv buirding.
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Daily Visits by Different Individuals
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CHAPTER. TIT

THE PLAT]NING PROCESS

3, I Definitions

ït may be helpfur at this stage t.o make a brief
suinmary of terms used in this chap'Ler to eliminate inisinter-
preta.tions'

1. standard visit: a visit made by a staff member of
category tirree to any point of d.estination beyond the
boundaries of his o\^rn activityô .)

2. Relative cost of conimunica'cions (RCC) : t.he number of
standard visits exchanged between two activities"
3. cost of an activity: the sum of its relative costs of
commu.nications with al-I other activities 

"

4. Elemental force of attraction (fne¡ : obtaíned by dividing
the relative cost of communication between two activities by

the product of the numbers of their mod.ular elements

5. cost of relative locations of two elements: the force
of attraction multiplied by the number of modular sj-des

separating them.

6. cost of communications of an activity: the sum of costs

of relative locations of its modular el-ements with respect
to the el-ements of all other activities.

- 7. Cost of communications of plan: the sum of costs of
coinmunications of al-l activities.

4B
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This brief srururary of terms will be explained in
deÈail during the consecutive stages of the planning process.

rn order to use the clata derived from the previous
analysi-s of activities in preparing lhe plan, a linear
methodology will be adopted. A computer master progiramme

and eleven subroutine progra-mmes were developed to compute

the given interacbions and generate tl-re required plan.

Di-fferent stages of computations wi1'r be explained
in the following sections

5^¿ Standardization of Interactions
The speculated number of daily visits, to be made by

different individua.ls, irl-ustra'L.ed. in Table (5) will serve

to determine the pattern of interac'l-ions betv¿een different
activities.

3.2"1 The multiplier

Eval-uation of these interactions wilr be based upon

the time spent in movements between consid.ered locations,
and the salaries of the persons involved. rt is assumed.

that. all personnel move with the same walking speed, and.

thus the time spent on movements between any two locations
would be the same for all categories of personnel. This

means that the relative evatuation of two trips of equal

Iength made by two individuals will be based solely upon

the ratio between their salaries. Thus if we consider a
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visit made by a cerLain category of individuals as unity,
then a multiplier is used to represent visits by other
categories.

As the majority of personnel ,were of category (3),
i.e., of $4'000 average annual salary, the visits made by

them were considered as a unit i.e., a rstand.ard visit'. A

visit made by an individual of category (2), i.e., of $7,400

average annual salary, would equal to ffi = I" B standard

visit

In the same way a visit inade by an individ.ua_l of
caLegory (1) ivould eqr-ial to Ï# = 3.3 standard visit.
Expressíng the da-ily visits made by different categories
personnel in terms of standard visits fac-i l-itates flre

measurement of interactions between activities and makes

possible to establísh a consistent proximity pattern for
activities.

of

ir
all

3"2.2 The logic of computer subprogramme TSTNVST,,
€or standa

A computer subroutine programme was developed, using

the numl¡er of visits made by persons of dj-fferent categories

to prepare a matrix o-f predicted standard visits from each

activity to all other individual activities. Figure (12)

illustrates the multiplier action, while Figure (13)

demonstrates the sequence of computing the sum of standard

visits for an activity. Figure (14) illustrates the proce-

dure of preparing the matrix of speculated standard visits



s1

+E=gs;õ
Y Y I5IT.S BY CAf E6ôR,Y (2J

7*øts us

-':.\
CAÍÉGOR'Y 

\ãJ

recervrng
activity

A/u
Is
!:)
rr¡-F-

N sTÄNDÀR!

vtStTS

F IGURE 12 The multiptier

NUMEEE çç VtgIfS BY cÀTEGo¿Y I

NUMÞEV. oF Vt5tT9 BU AfÊGoZ\ 3

5TANÞÀEÞ \

W
+

áT¡I)JD^ZÞ 2

W
+

6f^ÑPAzP 3

<2uM aF Vló\f3 ?.:ÉCE';|\E> trEA,A l\ ytstTtr-lG ¡CfrViry

Sequence of standardization

xH=

þxE=

FIGURE 13



52

auL 5-¡4¡¡5¡¿p vtslTs MÁ,ÞE

Fc.ôt^.a4,TtvfTY fi 5 wtLL
æ, wêLfÉ.> rN fr.{E MATRTX

êç srANDÀR,Þ VtsrTS tN RôW
#s

ÁLL S.Î¿ñÞ,Ä?,D !15ì-TS RECEIVEP
BY A¿TtvtTV tl 5 WtD, eE
l4ñÊÐ tN THE MÁTR.lx óF
ÒìFl.lt'lq6;ÈÐ vtSr-r€, rñ\ áaLLtMN
+s5

2 3 t, 678910
vrstTÉD

11 12ß
ÁCTf VITIES

1/. 15cô
lu
tsl
=LJ ./

(D2J
Fg4

6
7

I
I

10

11

12

13

14

15

slanCarC
VISITS

FIGURE '14 Mair ix of standard visits



tra
JJ

between all activities 
"

The computer progratnme was

way to standardize the movements of
from differenL categories using any

developed. in a flexible
any number oÍ persons

range of multíplier"

3.3 Evaluation of Retative cost of communications

ïn order to find the finar pattern of interactions
betv¡een an1' pair of activities, the number of standard
visits originated from any particular activity to another
activity will be ad.ded to the number of standard visits
received by thj-s activity from the same other act.ivity.
The sum of these exchanged- visits r^¡ill be considered as the
rerative cost of communications between the two acti_vities.

3"3.1 The 1991..of 
"o*prl.r "rbpr .= 'ACCOST'

The computer subroutine prograilme 'ACCOST' (for
acti-vity cost) was developed using the matrix of estirnated

standard visits Lo prepare a matrix of relative cost of
communications between activities. This mat.rix represents
the act.ual pattern of interactions between activities and.

Èherefore will be considered as the main generator of the
planning process " The finat arrangement of locations of
activities will be based. upon their proximity values r âs a

function of the relative cost of communications. The sub-

routine programrne tsMcosr' (for sum of cost), vras developed

to compute the cost of each activity. This cost is considered



as the sum of relative cost

activity considered and all
illustrates graphically the

cations
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of communications beLrveen the

other activities. Figure (15)

evaluation of cost of communi-

3 "3 .2 The logic of ,computer subprogramme 'SMSORT'

The cost of activities will be sorted. in a descending

order starting with the most expensive activity. sorting
activities with respect to their cost witl give an insight
to their invorvements and shourd be of i-nterest in con-

sidering reassignment of space or personner. Expensive

activities have to be reexamined carefurly to insure that
thei:: interac'i:ions are rationar in compliance wit.h the
applied assumptíons.

The planning process objective is to optimize the

locations of activities by minim izing the d.istance between

activities of highest relative cost of communications" This

can be expressed as

Minimize
n-1
I

f-= -L

n
ï n.. D..

j=iif r-l r-l

relative cost of communication between
activity i and activity j

distance between the center of location
of activity i and that of activity j.

R..rl

D. .r-l

An Outli-ne of the Linear'planninq Sequence

where
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' A linear process will be appried in locating the
space erements of each activity to fulfill this objective.
The main difference between this approach and the trial and

error method*. is that space elements will be located one

at a- time according to previously determined priorities.
The preci-se location of each element shourd insure minimum

overall cost of communications of plan.
1

3 " 4,1 The iqg*S_gI_gomputer subprogramme,PRIORTT,

The sequence of locating the space elements ivill be

determined according to the relative cost of communications

between activities " The first activity to l¡e located in
plan should be the most expensi.ve one. The prioríty given

to this activity is justified. r¡y the substa.ntiar cosl:

involved- in its interactions. The second activity will be

located next to the most expensj-ve one, and therefore it has

to be the one v¿ith the highest rela.tive cost of communications

with it. The next activity wirl have the chance to occupy

the closest ]ocation to both the first and second activity.
Therefore the third activity to be chosen will be of the

highest. sum of relative cost of communications with both. rn

the same way¡ the fourth activity in the queue of priority
wiLl have a highest sum of R.C.C. with all previously
l-ocated activities. A numerical example irrustrated in

*Adopted in CRAFT program, IBM SHARE LIBRARy No.
SDA 3391
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Fígure (16) demonstrates the order in which activities will
be located in pran. The computer subroutine programme

TPRfORT' was d-eveloped to apply this method.

3. 4 . 2 
-The 

logic of computer subprogramme iAxtl.¡ni'

The process of locating different activities in a

matrix represenl-ing the site is the main pa.rt of the planning
procedtire. some processing is required before this process

can si:art. /\s the space elements will be loca.Led, one at a

time, according to the previously determined priorities of
their activities, they irave to be assigned seríal numbers to
determine the sequerlce of locating them in pran. The

computer subroutine programme TAKTLMNT (for activíty elements)

was d-eveloped. to assign these nurn-bers.

considering the same example irrustrated in Figure
(16), where the priority of locating activities are:
2-5-9-7, and assuming t.hat the number of elements allocated
to those act.ivities are 6 , 3 , 1 s¿ 2 respectively, then the

serial number assi-gned to each element to determine its
locating priority will be as ill_ustrated in Table (6).

Elemental locating
priority 1 2 3 4 5 6 7 B 9 10 It L2

tivity number 2 5 9 7Ac



s9

3.4.3 The logic of computer subprogramme rEL¡{TRK'

The next step is to establish a pattern of relations
between the modular elements according to which their rera-
tive locations in plan will be aeterminea. The relative cost
of communication between activities wirl be manipulated. to
present this paLtern" trr7e may assume that ttre RCC between

two activities generates forces of attraction between their
modular elements, and the higher this RCC is, the closer
they should be. Figure 17 illustrates that the Elemental-

Forces of ALtraction (EFA) betleen eremenLs from two

actj-vities is determined by dividing t-he RCC by the product
of t.heir numbers of modutar elements. As the relative cost
of commu.nica'l-ion between an activity and- itself is considered
to be zero, then a cornputed. force of attraction between iLs
eleinents would equal to zero. To overcome this irrational
result and l-o j-nsure that the elements representing arly

activity will be located next to each other; a very high
force of attraction bett^¡een the elements of the same activity
j-s assigned

A computer subroutine programme \,vas developed to
assign these high forces to the elements within any activity
and to compute the EFA between erements from different
activities, and finally pïepare a matrix representing the

forces of attraction between arl the modular elements of the
project
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3.5 Optimum Arrangement of lr{odular Elements

Now the space modular elements are ready to be taken

one at a time, and located in a matrix representing the site.
The síze of this matrix will ]re determined according to the
tot.ar number of modular elements, and the expected shape of
plan as whether it is rectangular or of almost equal

proportions " An over estimai-ed size of matrix may add

mil-lions of- unnecessary operations to the computation

processr whire an under sized matrix may restrict the
planning plrocess by forcing the activj-ties arrangement

within a relatj-vely small matrj-x. The established critería
and particulars of the site rvill switch ilre pranning process

at this stage, to either the free or restricted planning

procedures 
"

3 " 5. l- The free planning process

Free planning nìeans tha.b. no conditions of any kind

wi-ll be imposed. on the process. rt is assumed that the site
is spacious enough to accommodaLe any plan regardless of its
shape" rt is also assumed that no activity is required to
occupy any pre-determined location, and. that the location of
every activity will be determined solely through computations.

The procedure starts by placing the first element in
a central- Iocation within the rnatrix representing the site.
The second element will be placed at the upper left corner

of this matrj-xr âs illustrated in Figure (18). The cost of
:
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the reLatÍve locations of these two eJements according to
this configuration is equal to the EFA between them multi-
plied by the number of modular sides separating their
centers. Measuring the distance between the two elements

in directions para11el to the rqodular sides rather than a

short cut diagonar is méant to represent the actual routes

of communication. These routes, because of the system of
partitions or the arrangements of furniture and equipment,

usually take this parallel pattern. rf these two elements

vrere of the sane activity, then the assumed high elemental

force of attraction between them, when multiplied by the

separating distance, will result in a considerably expensive

cost of these relative locations. Then element # 2 wilr be

shifted downwards to the next location and a new cost of
these new relative rocations will be computed. This proce-

dure will be repeated until a]l the vacant locations are

tested and the cost of each location with respect to the

first element is evaluated. obviously Èhe rocation with the

cheapest cost will be the closest to the first element., and.

therefore such a location will be selected to accommodate

the second element. The same procedure will be applied to
the third element. The cost of each vacant location will
be computed with respect to both the firsL and second

elements as illustrated in Figure (19). The seJected

location will be that of a minimum sum of costs. The rest
of the elements will be located., one at a time, applying
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the same procedure by testing all the vacant locations before
placing the element in the one with minimum cost.

As the cost of any chc¡sen location is minj-mum, then

this will result in a minimum over-all cost of t1,,, p1an.

3.5.2 The restricted planning process

/\ctualIy in practical problems it is ofì:en necessary

to impose some restrictions on the planning process. The

following are a number of reasons that may call for such

restrictions:

A. The site limitations: In the free plannÍng process the

borders of the computed plan witl be determined. after
arranging the space elemen'ts in an op'bimum configuration.

In some cases the site available for the project may not be

spacious enough to accommodate the freely computed layout.
The dirnensions of a|" site or the code requirements may

confine the computed plan Lo certain proportions, or restrict
the allowable length of any side.

B. Orientation and landscape: The surrounding landscape

or adjacent buildings may have their effect on the computed

plan. A gracious landscape could be appreciated by certain
activities. more than by others. Those activities should be

given priority to occupy locations enjoying such landscape.

On the other hand activities that cannot tolerate the

nuisance caused. by the surrounding buildings or environment,

such as smoke, noise, .od.ors or ugly shapes, should not be
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placed exposed locations.
c" Fi-re regulations; The code requirements may fix the
locations of certain acti-vities such as those of rzertical
circulation or ernergency exits, regardless of theír actual
pattern of interactions with other activities.
D. Availability of natural lighting: rn certain projects,
natural lighting may be required for more activities than
could be l-oca-ted next to the outer walrs . rn such cases r

internal courts would be provided¡ or ilre width of the
building rvould be restricted..

E. Ethical and practicar aspects: fn many cases the inter-
actíons between related activities may be surpassed by theír
interactions v¿ith other activities " For: example .bhe

communication betv¿een an executive and. his secretary may not
be frequent enough to insure adjacent rocations in the

computed. plan I ort a rest room annexed 1-o a presid.ent's
office which might be visited only once a day.

F. Alteratj-on of an existing builcling: rn common practice,
it is arways noticed that the functions ta]cing place j-n a
building usually change from tírne to time. A building wourd

be considered obsorete if its plan would not arlow an

efficient performance of the activities taking place in it.
The alternative of having to move to a new building is to
redistribute the developed activities within the existing
premises after making the necessary alterations. rn such

cases the planning process woul-d be restricted within the

ln
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contour of the existing plan" Certai.n activities such as

those for vertical circulations or mechanical installations
would be pre-located in plan before starting the computation
process

Aft.er this brief review of the factors that may

necessitate imposing various restrictions upon the planning
process ¿ lve shal-l go through tire procedure adopted for such

restricted planning.

3.5.3 The logic of computgr_Éqbprogramme IRSTRCT.8

First, the various reasoils for imposing restrictions
would be interprel_ec1 i-n one of two ways:

A. Restriction of space

B " Pre-determinecl. locations of activities .

The following is an outline of the procedure appl_i_ed.

i-n each case.

A" Restriction of space: A restricted space means that the
modular elements would not be arl-ov¡ed to occupy certain
locations in the matrix. such locaLions would be fiIled
with d.ummy elements. During the linear operation of arranging
elements, only the vacant locations would be considered.

This procedure is applied when computed plan is required to
retaj-n specific borders. such as the case of redistributing
activities within an existing buildingr or planning within
a restricted site. In such cases the desired outline of plan

will be surrounded by a number of dummy elements. The



67

vacant locations available for placing the modular elements

as illustrated in Figure (20) wirl be confined to the area

surrounded by these dumm1, elements.

B. Pre-determined locations of acti-vities: There are cases

where some activities are required to occupy specific loca-
tions in plan regardless of a computed decision. The reason

could be physical r âs in case of ::etaining the rocation of a

staircase when relocating activities within an existing
building¡ or ethical¡ âs the case of locating a presidentrs

offj-ce in a corner enjoying a gracious view. rn such cases,

the modular erements of those activities will be praced in
the desired locations as illustrated in Figure (2r) " The

cost of these reserved locai-ions will be computed- before

si-ar{-ing arrangement of the remaining modular elements. This

arrangement will follow the same sequence adopted in the free
planning process. Starl-ing rvith the el,ement of highest
priority of location, all vacanL locations will be tested,
and it will be placed in the one with minimum cost with.
respect. to all previously located elements. The total cost

of plan will be the sum of costs of the predetermined and

the computed locations.

3.5.4 The graphical output

A computer subroutine progranme tPLOTERt was

developed to express the final configuration of modular el-ements

in a graphical form. The scaLe of the drawings is determined
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automatically according to Lhe síze of the generated plan.

A flow chart of this program illustrating the stages of

graphical formation is presented in Appendix A.

3.6 The Actual Cost of Communications

So far our use of the term cost was not expressed in
'terrns of dolla-rs" The prevj-ousl-y determined cost of plan j-s

represented by a number of ¡nodu.lar sides covered d.aily by an

individual of $4,000 annual salary" Mu-ltiplying this number

by the length of the mod.ular síde, i.e" 10 feet, gives the

total di stance covered daiIy. Applying an average walJcing

speed of 5 f.eeL/second. it is possible to find the total time

spent in 1:he daily movemen{:s }:etrveen rfifferent locations"

The total time spent annually may be calculated by multiplying

by the number of working days per year. The actual cost of

communications of a plan can be obtained by multiplying the

total time consumed in conununications by the rate of pay of

the standard indivídual. This cost when divided by the

square footage of a plan yields the annual cost of communica-

tions per square foot of plan. This will be utilized as the

bases of comparison between different plan forms.

The computer master progralnme and subroutine progiram-

mes explained in the previous sections appear in Appendix B.



CHAPTER IV

ANALOGY BETIVEEN EXISTTNG AND COMPUTED PLANS

The previous procedures were applied in planning

the registrars general offj-ce accord.ing to both the

restricted and free planning techniques" Actually, .it wars

found necessary to evaluate the performance of the existing
p1an, in terms of cost of communica_tions, before starting
the planning process.

4.1 Evalua-tion of Existing Plan

Bvaluation of cost of cominunications according t.o

the present plan is meant to establish some point of refer-
ence with which modified or new plans may be conrpared" The

exis'Ling pattern of interactions and. space allocations were

used for evaluating this cost in the same way applied for
restricLed. planning with the following modifications:

A. AIl the forms of space allocated Èo different activities
are already determined.

B. The locations of 'a11' actÍvities are fixed.

A moulding process \,vas applied to adjust the existing
a number oflocations into forms that can be represented by

modular elements¿ âs illustrated in Figure (22)

elements were Jocated in a matrj-x representing

a configuration identiial to the existing one.

cost of communication was computed as explained.

. These

the site in

Then the

in the

70



ffiOAJTMENG SF SPAffiE

reoistrar

\

records

reçeption

control

assoc. registrar

supervision

transcri

examinatior
& i.d. cards

convocations

vault general files



72

previous chapter.

The output of computations i]rustrated. in Figure
(23) shows that the annuar cost of communications according
to the present arrangement is equal to $31736. I.t also shows

that the annual cost per square foot of plan is $rrol. These

figures r.rrill be referred to when evai-uating the rerative
advant.ages of dif ferent compu'ted plans 

"

4"2 Re-allocation of Facilities within the Exist.in
rJul-Iol_1-rg

As activities taking prace in a building are oft,en

subjected to cycres of growth and change tha-t may not be tong

enough t-o justify moving to a nerv building, it is necessary

to period.ically update the existing layout by reall-ocation of
f acilities v,¡ithin the existing space. fn some cases the cost
of alterations may surpass the expected. savi.ngs of running the

modified layoui-" rn such cases¡ a. comparison has to be made

between alternatives of modified plans. The second factor to
be considered is space allocations. As the overall síze of
plan will remain the same, the extra space required for the
growing actj-vities wirl have to be provided internally i.e.,
from activities with lit.tIe or non-expected growthr or
activities allocat.ed larger space than their actual need.

A study was carried out to re-aLlocate act.ivities in the

registrar's office within the present space. The fírst step

was to re-allocate space to different activities according to
their expected growth. This was accomplished by providing
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the activities # B, 9 and l0 with l0o square feet each, taken

from activities # 3, 4 and 5, The second step was to deter-
mine the fixed l-ocations. The reception area and the stair
hall (activities 13 and 15) were kept in their present

locations. The locations of the n"rr.rr, files and the vault
were retained to eliminate the high cost of alteraticns
because of their special construction for securi-ty and

pro:b.ection againsL fire
Tnteractions between Lhe remaíning acLivities were

computed and their locations determined as illustrated in
Figure (24) " The computed output was ínterpreted architectur-
aIly in Figure (25). From this output ive notice that the new

arrangement did not cause substantiat reduct,ion in the cost of
cornmunicat.ion. This may be for two reasons:

A. The present arrangement j-s efficient with respect to the

exisLing form of space provided.

B" A number of activities \.{ere assigned the present locations
before comput.ations " This red.uced substantially the number

of space elernents that r,vere l-ocated through computations.

Another computer run was made on the assumption that
more physical alterations can be made. This alrowed the

locations of the vault and general files to be determined

through computations. The only two activities that were pre-

located are the reception and the stairhall. Figure (26)

illustrates that a considerable improvement was achieved when

the number of computed locations was increased. An architectural
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interpretation of this output is ilrustrated in Figure (27).

The interactions between different activities were

used to compute a free pran. The only modification made is
with respect to the stairharl. " previous figures were

originally niodif ied to expl:ess ilre pa::.tì cuJ-a"r circumstances

of the present layout., where d-ifferent personnel pass through
the stairhall on their way to related act.ívitíes located
outside the area" In planning a new build-ing in a non-restricted
site, it is assumed. that all related acti-vities are located
in the same floor, and thus, visits to the stairharl are not
treated as visits to a more d.ist.ant activity.

The present space arlocations \^/ere used to form a

rational base for comparison.

The computed output illustrated in Figure (28) shows

an impressive reductiolr in the annual cost of communications.

The present annual cost of communications was

brought from $1103 d.own to ç,44 per each square foot of p1an.

The final architectural treatment illustrated in Figure (zg)

bhows that activities were grouped. in three zones:

zone A, for the administrative activities, which usually
have larger interactions between themselves rather than with
the public activities located in zone B. Accessibiri.ty to
the area is províded through its core (zone c), expressing

the fact that the registrarrs office is serving the campus

Planning in a Non-restricted Site
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at large and. its physical interactions with.outside activities
are vital for an efficient performance.

4.4 Analogy between free and Restricted plans

From the previous illustration of free and rest.ricted
planning¡ w€ find that the free planning process has a con-

síderable advantage with respect to cost of communication.

The loca'tions of d.ifferent activities are determined solery
through minimizing cost of communications. No restríctions
that- might have interfered with the serection of such

locations are imposed. on the other hand, the restricted
planning, while giving a hígher cosL of communications, has

the advantage of conl-rolling the ou'Lput of compuLations.

This faciritlz is indispensible in planning within a specific
given space. FIowever, the two proced.ures can be used to
help in the decision whether to move to a new building or
símpry rearrange activities within the same premises. The

cos't of necessary alterations and the resulting savings in
annual cost of communÍcations would be compared. to the cost

of a new building and its annual communication cost. The

life of the buildlng would be taken into account with other
factors (i.e., mortgage rates, taxation, budget, etc. ) .

In the particular case considered we find that the

annual cost of communication was brought from the present

$1p3 per square foot, d.own to ç,44. This means an annual

sáving of about $r59 per square foot.
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This cost of communication is based upon the present
pattern of salaries. so , íf we may consider that the
annual increase in sararíes is almost equal to the mortgage

i-nterest rate, thenr we can hypothetically cons.ider that
the discounted present value of the cost of communication

per square foot would be the same over the building life
(mortgage length).

annuar saving of $^59 over a life span of 60 years,
using this assumption, would amount to $36 per square foot.
This does not mean that activj-ties lvill remain unchanged

throughout such a long span of tj-me, rather, emphasizes the
fact thab cost, of communj-cation ma-y be a dominant fac.tor
affecting the economical components of the project.



CONCLUSTONS

The presenL role of i-he archi-tect requires him to
make functional decisions, discov.r vi".rul rel-ationships
and express both in formal terms. rt can be enhanced. by

using bhe computer for simu.-'l-taneous ana-l-ysi-s of many

functionar variables. Econornic aains of such an approach
I

may be surpassed by the convenience of optimu.m performance

of the building

However, these advantages may be rargely expanded

if future v¡ork overcomes the rimitations of the present
programme 

"

Limitations and Points of rnterest fo:: Future Tnvestigation
The planning process optimizes the locations of

different activities within any given area. The two

dimensional- arrangement does not tal<e into account the

impact of activities locaLed in other floors. In the
present procedure a manual decision has to be made as to
which activities would be grouped on the same floor before^

optimizing their relatj-ve locatj-ons within this floor.
computing the interactions between different activities in
three dimensions will distribute activities to various

levels. deterrnine various f loor areas r a,nd, consequently,'

the mass plan of the project.

B4
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B. rmposing restrictions on the planning process red.uces

the chances of attaining an optimum arrangiement. rn some

cases. pre-located activiti-es dist.ort the computation

process by attracting the elemen'Ls o{ high priority of
location regardress to a possible week pat.tern of inter-
actions that would. not jus.Lify such proxj-mity.

Future work may investigate the possibili,cy of
introducing modification factors that can neut rarize the
distorting effect of pre-located activities to insure that
locations next to them woul-d be occupied by highry related
activities.

c. rnteracLions beLween different activi-Lies are computed

according t.o the assumption that the bounda.::.i-es of any

activity may be crossed. at any sid-e. rn many cases, wa11s,

furniture or equipment may interfere with this assumption,

and divert the movements between two adjacent rocat_ions t.o

longer routes, More realistic results wourd be obtained if
locations of doors, dividing partitions etc., were intro-
duced

D. The present prograÍrme may handle a complex problem in
two or more stages.

t the first stage activities of similar nature wirl
be clustered in groups. The collective interactions between

these groups will be computed to determine their relative
locations. The second stage is to optimize Lhe locations of
activities within the space al-located to each group. As we
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seef a considerable amount of manuar decisions are involved,
increasing the chances for inaccurate represer-)tation and

sub-optimum results.

such dralbacks can be overcofi\e in a master prog:ramme

that could make d,ecisions, such as grouping of activities
and the collective interactions J:etween groups.

A mul-ti-stage approach courd greatly reduce the
computation time, and provid-e a facility that could handle
efficiently practicar- p:roblems of subst.anLial size.
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APPBNDIX A

The sequence of computations irrustrated in the
previous chapters is applied to optinlize the location of
activities wi-th respect to the cost of movements of persons

involved. rf the plan is required to be otpirnized with
respect to any other given form of relations, the matrix of
these relations would be provided, and alr the preparatory
computations of cost of movements wourcl be omitted. Evalua-
tion of different coinputed outputs wilr be in terms of the
given rerations. A chart irlustrating the various stages
of the compu'Lation process is shown in Figure (:o¡"

A flow char-t of subroutine progr¿rrTtme TPLOTERt showrr

in Fígure (31) illustrates Lhe sta.ges of graphical formation
of the required. plan.
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APPENDIX B

THE COMPUTER PROGRÀM}{E

A copy of the comprete computer prograrune is presented

in the following pages. rt shourd be noticed that the

fuuc'tíon of the master progllärÌime h/ð-s confined to reservai:io¡
of more than adequate memory for storing different arrays.
The exact number of l¡ites required for each array is deter-
mined through the subrout.ine programme 'I{ATNSB | , af ter
reading the particulars of activi-ties considered. This

makes the prograinme quite flexible and capable of handling
problems of various sizes.
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C THEN 3 t 4 ARE PiìiIVIDED ûNLY IF 'CRYT¡ = I
C 3 - | N C ï G r ( F A C I ( I ) r i = I ' 

t'lC T G ) , S L R Y r H L D Y r H K il R I

C 4-'ACfV'PRSNTCÂTG'{VIST(l)'l=1'tljACT) |

C (TI{E CARD # 4 TS REPEATED ACCORDING TO THE NUI'1BER OF PERSONS)
C THEN 5l^JILL U.E PRIVIDED 0rlLY tF 'CR.YTr = O

C q-( ( C0ST( I rJ) , J=l ,NACT ) , I=1, NIACTI
C (TI.ITS I'ii\TRIX RËPRESENTS AI!Y DESIRED RELATICNS BETWEEN ACTIVITIES}
c 5-TRSTR'NPRLTNDYY'
C ( IIìSÏR = I IF ANY DiJi'1Y OR /\CTUAL ACTIVITIES ARE PRE LOCATED,OTHERI^JISE =O.IC f II!PRLI iS \UV3Eiì OF ACTUAL ACTIVITIES TO BE PRE LOC,ATED)
C ( I NDMYI IS NUTII]ER OF DUI4I.,IY ELEMEI'ITS TO ßE PRE LOCATED}
C THEN 7 IS PP.0VIDED ONLY IF tRSIRT = I ÂND TNDMY' GREATËR THAN O

C 1- ( XìDN( I ) 
'YRD\ 

( I ) ' I= l¡ NDI4Y )

C TIIESE i1 RE THE ORt)II'IATFS IN THE I'fATRIX IARNG' 
VJ HERE DUMY ELE¡4ENTS AR,E PRE

C LCC\TED.
C THEN B , 9 ARE PRCV IDED ONLY .TF INPRL I I S GREATER TI=|AN O

C B-PRLC (

c (PfìLc(
C (ACSZ(
C 9-XRDi\(

,ACSZ(Il
IS T¡-IF NUI.IBER OF ACTIVITY TO BE PRE LOCATED FTRST)
IS THE NU¡4tsER OF ELËI'IENTS REPRESENTINIG TI.IIS ACTIVITY)

I r YRD;{(I) ' I=I'ACSZ(I)

2
3
4
5
6

C THENI 8,9 hRE REPÊATEil ACCORDING TO TtJE NUt4BER 0F PRE L0CATED ACTIVITIES rNPRL
INIFGFR ACTV ' P'Ì.SN r CATG ' STND(5'201,/I0O{'0l r Stll'l (29t29¡ 

' K/L/
I,ACST(20) /20+O/ rCOSTl20t2.Ol , SMCS( 2r201/40\ro/ ,
I S I ZE ( 20 ) r AlìE/r( 20 ! r SPf'1D' AKEL ( 2 r I0o ) r A(z5l r pREV, p, R r 0LDI r oLDJ,
IATIìK( 100 r l0rJ ),SyS I rSi4SJr pLÂN/0/,pRIR lZ0l,Si'lpR(20),
IAR.NI133¡33 ) / I 189+O/' SI IE ( 35 r351 /L225* O/rllALL (35 ,351/ L225+O/
REAL FACT(5) , VIST(20)
RFA], CRYT
READr NACTTSPI'lDr ( AREÁ( J ) ¡¡= I r NACT I

TF(:RYT.EQ.C)3] TO 9
READTNCTGT(FACT( I I rI=] ¡NCTG) 'SLRY'HLDYTWKHR



l0
ll
T2
l3

7 g DO lO I = I r NACT
B PLA\ = PLAN + AREA (I)
9 }O CONT I NUI:

f'lELt4 = PL/rN / SPYtI
I F ( \E Lq. LT.2I ) CO TO 1.2

NEL = NELM/3
GO I0 1.5

14 L2 IF(NELìI.LT.IO) GO TO T3
NEL = NFLI.'1l2
G0 TO t5

L7 13 I.jEL = NE LM- I
lB 15 NELI = NEL+I

2L

NEL2 = NEL+2
CALL t4AINSB (STND 

' 
SUM r ACST r COST r SMCS r FACT r VIST

I r NACT r NCIG r ACTV r PRSN r CATG r .K t. 
lAREA, SPIIi],S I ZE,ÂKEL I A, PRFV, NELI.1' MI L T P¡ RIOL DI I OLDJ T ATRKl
lN;pLANrSi.4SI rSi.lSJ ,Nttr.Oi.l ,pRI iìrSMpiì¡LARGTNELTARNGTSITETt,IÂLLr
1NÊLI I NEL2I CR.YTI SLRY, HLDYI h!I(HR )

PiIINT IOOO
?.2 t000 f-0R\4^T (rIr)

STOP
END

SUBI0UTINE i''1 AI NSB (STND r StJMTACST'COSTTSMCS'FACTTVIST
' 1r NACT r NCfG r ACTV r PRSN r C¡lTG r K t

lAREA I SPÞlD I S Í ZE, AKEL, A, PREV' NELI'I IM I L T P I R I OLDI I OLDJ I ATRKI
IN,PLAN,SMSI IS,YSJ ,¡'IRi]I,J ,PRIiìIS14PfìILARG¡NIELTARI.JG,SITE,WALLT
INEL T, NEL 2 I CfìYT I SL RY' IILDY' I,JKIIR }

TNTESEi{ STND(N:TG¡NIACT) I SUt'i (NACTINACT) I ACST(NACT) TPRCSI
ICOSI(NACIT\ÀCT) r Sl'1CS(2'NACT) rACÏV r PRSN r CATG,
I S I ZE ( IIACT ) r AREA ( NACT )'S Pl"lD' PL^N' AK EL ( 2 r NEL 4l' Al 25 )' PREV r P r R r

IoLDI,OLDJ,AtRK( \ELl'1 ,NÊLM) rSl4SI, SI'ISJ, Pl-{IR(NACT) ,SMPR( iitACT )r
lRSTìIPRLC(20),A,A.NG(I{EL,NEL),TOTV,SITE(NEL2INEL2)IHALL(NEL2INEL2)I
1 }{RT\ ( 2 A ) / 2O*O/ r N 11Lì R ( 22 I / 22*'0 / r S TC L' ENCL' S.TR'v,l' FNRl¡,l r FCAD

INTEGER XRD\ ( 901 ' YRDN( 901 r XPNS ' PR.XP r PRCE r FTPR
I NTEGEfìì.2 HR ZNl22¡21/44* " /r pRTN ( 221/22+t t / tDutt\',/tXt /
REÂL FACT(NCTG} , VIST(NACT)
PRI\T 2r NACTr SP140, NELI'4r PLAN

l5
l6

l9
20

23
24

25

26

27
2B
29
30

32
33
3/+

a6
37
3B

39

3L 2 FORYAT(rIt,///23XrtNUM|ìER OF ÂCTIVITIES ='rI6r//ZOXTTSPACE ¡4ODULE
| =, rI6rr SQUÂRE FEËT. t//20Xr'NU}4[]ER OF ELE¡"I ENTS =t1f61//
l20X' TT0TAL AREA OF PLAN =r r Iór I SQUARE FEETt ///l
IF(:RYT.EQ.O) GO TO 27(;
PÍ{INT'l'l;IGr ( FA3T ( I I r I=l' NCTG}
pRI\lT r {AREA{ J } r J=1, N^CT }

35 3 READ ' ACTV , PR.SFI ' CATG ' 
(VIST

PR I \T I ACTV , P;ì St! ' CÂTG ' AREA
PRI\T '{VIST(Il ' [=lrNACT)
CALL SINVST (\IACT I ACTV ' NCTG

IACSI, FACT }
IF ( ACTV "EQ.NACT I GO TO i5

40 GOT33
4L L5 DO16J=1r\ACT
42 S{.,i"l (NACT'J) = /tCST(J)
43 t6 COr{ïINUE

I! r I= ITNACT)
ACTV)

CATG r K r SUM r VIST r STND r

44 PRI\T2OI
45 zOL FORVAT(IIII///lJXIISUM OF VISITS FROM EAC|-{ ACTIVITY TO ANY OÏHEß

TACTIVITY' ///5JX'TVISITED ACTIVITIEST/r0r r l5Xrrlr r 5X t t2t¡
l5X r r3r r 5X t t4t r 5X r r5! r 5X r r6r r 5X r r7r r 5X r rBr t
t5X r 19r , 4X r tlOt r 4X t tllt r 4X t rLZt t 4X ¡ r13r r 4X ,
lrl4r t r¡X ¡ rL5r t 4X ¡ rlór ¡ 4X r rlTr r 4X, tlBt r 4X I r19r r



46
47
48 24A
49 250
50 i
5L
52 270

53
54
55 274
56 275
57
58 276
59 277
ó0
6L 2BO

62
61 285
64
65 286
66
67
68 2eO

69
70 295
7L
12 296
71
74
75 300

76
77 310
1B
79
B0 425

8I
82 426
83
84 427
B5

I4X , .20t ///l
D0 250 ¡ = 1, Ni\C T
PRI\T 24O r I, (SJrt( I rJ ) r J=lrNACT)
FORq,lT( | 0r r. VISiTOR' ¡13 ¡ (2016, /IOX) I
c0hiI I r'ltJE

CALL ACCOST ( COST I SUII¡NACT I
PR INT 270
F0R\'l 

^T( 
| 1'r / / /35Xr TRELATIVE COST OF COÌqMUNICATION BETWEEN ACTIVITIlES ' / lOt 
'30X' 

I REPRESEÀITED BY THE SUr! 0F VISITS MADE FR0t'1 AND RECEIlvED BY'/tot;37xr 'ÊACH AcTIvITy ro aÀtD FRot,t ANy orHER AcïIvITylr/ / 5cx,
oF ACTIVITYT /.0. t115X r rIt t 5X r r2.,

l5x I f3r t 5x ,.r4r r 5X ¡ t5t r 5X ,
l5x , r9r ¡ 4x r rl0, ¡ 4X r rllr ¡ 4x
LtL4t t 4X ¡ rI5r t 4x r r1ór ¡ 4x, ,
l4X t tZOt ///)
DO 275 I = l?NIACT
PRI\T271ilI r (COST( I,J) ¡J=ITNACT)
FORYAT( | 0t r I ACTIV ITy r ¡ I2¡ ( 20I 6rllox) I
C[]i{TI NUE
GO TD 277
READr ( (CIJST( I, J ) r J=lrNACT l, I=I;NACT)
CALL Sl-iC tlST ( CûSI r S t'.tC S, ¡]ACT )
PRI\I 280
FORT1AT(I Ir r ///ZOXI ITI]TÂL SUI"1 CF RELATIVE COSTtR EACH ACTIVITY PRESENTED ßyt /tot rI5X¡rTHE SUM

1Nl A\D RFCE IVE{] IJY ANY ACTIVITY TO AND FROM ALL
L / / 5 J X r I ìq :F :lr {( t:t: * {< i. * * * >k>3 + Í.* {, + * r / )
PRINT 285 ¡ { Sl\lCS (IrJ) r J =Ir NÂCT)
FoRqAT(r0r r TAcTIVITY rr(20I6rl1OX) 

)
PRINT2B6 ' 

( SiICS (Z rJ't ¡ J=I, NÄCT I
FOllvAT( r0r I rcosT suM , tl2OI 6rlIOX) )
CALL SI'1SORT(S\îCS I NACT)
PR I \T 290
FORYAT(I Ot, / // / / / //3SXIIACTIVI.TIFS AÍìRANGED IN

II/2SXIIACCORDI\G TO THE SU.4 T]F THEIR RELATIVE
lN t / / 5 0 X r I'1.'i. 1. + {. J¡ :F * d< ä l¡ + t:t¡d< Ì< >k r,: * * r / )
P!ìI\T 295 r (SIICS( I r J ),J=lrN,XCT )
FORvI ,1 T(r0r rtAirIVf TY I I (20Iórl10x) )PRI\T 296 r (Sj\iCS(2rJl , J=lr I,IACT)
FORqAT(r0rrrccsT suM t ¡(2oI6t/IOX))
CALL PR.ICRT( NACT,NROi TPRTR,SMPR,LÁRG, COST, SMCS )
Prì I !T 300
FTIRVAT(r lt r ///30X' 'ARRA¡JGEt4FNT OF ACTIVITIES ACC0RDING TO pRt0RITy

I LIF C ON T AC f | / / 4 5 X ¡ I .'; ¡k >¡ ¡': ;;3 4 *>i< {<># rÉ{< * + * + >F x. r; ìk r / / )PRI\T310, (PR I'ì,(J) rJ=IrN/rCT)
F0R\,1AT ( | Or r 2OI5/ / / / / I
C Al-L AKTt,¡11'l ( S.l Z E r AREA, ptì I R r S pMD¡ pFìEV, p r R r NACT, AKEL, I,lELM,PRI!T 425
FORYAT('0'r ///// T3OXTTARRANGEI'lEN|T OF SPACE ELEMËNTS ACC0RDING TO p

I R I {-lì I TY ilF C0N T AC I | / / 5 OX, I ìk**f.,F+*¿::<ì!{<,k*r*+ +t¿++ | / / )PRI\T 426, (AKEL(1rJ)rJ=lrNELM)
F0R\4AT(' 0r, r ELEtlEljTr r4xt l4ol3rl6X) )

Pq,M427r (A'KEL( 2rJ) rJ=lri\lELi"l)
F0RY^T(r0r r TAcTIVITy' r3Xr { 4OI3¡ /6Xl't
cALL Et.¡lrRK ( P rR roLDI' iiLDJ r NACT's I zF, ATRK' cosr, NELI',l,sMS I, sr,lsJlrPRIfì)
PRI\T 550
FT]R\4AT(//// ¡I¡rIOX,'MATIìTX CF FORCE OF ATTRACTTON BETI{EEN ELEMENTS

f 6f r 5X t r7, r 5X r tgr ,
t tI2t I 4X r rI3r r 4X ,

17r t 4X I rl$r ¡ 4X r rlgr ¡

OF COi.,MU}¡ICATION FO
OF V IS ITS ¡iADE FRC

OTHER ACTI VI T I ES I

A DESCENDING ORDER
Ct]SÏ OF COMMUNICATIO

Bó
B7 550



I ' ArìRANGED ACCORDINiG TO TtjE T0ÌAL COST OF ACTIVITIES' I
88 D0 570 I = lr¡,JEL:l
B9 PRI\T 555t1 r (AfRK( I 'J) rJ=lrNELt4)
90 555 FORV/¡T( ' 0r rrllLYIl Tt r I3 t4X'14OI3t /7Xll
9l 57 0 COi'tTI NUE

PRCS = 0
l'1E = C)

REA] I RSTP.INPRL,NDMY
I F ( ìSTR,. cT " 0 ) CAL L R. SIF.CT{ NPRL r PRLC, ME,NELM, AKEL, AR,NG r NEL r

IATRK , PiìC S,IJUI,IY , i',IDqY I X RDN ¡ Y R DN )

PR, INT 575 , Ê,STrì, NPRL ittDtty
97 575 FORVAT(r0'r/// /?.OXTTRESTRICTIONST ¡23X¡'='rI5t//ZOXt

Irllul.lFÌER OF PREL:lC^TED ACTIVITIES I r3Xrr=r rI5t //ZOX¡
ITNUYBER OF DUUqY ELËl4ENTSr rllXrt=, rl5r//ZOX,
IfPRELOCATED ACIIVITIEST rL4Xr r=r )

IF ( \PRL" E8. O) GT TO 581
PRI\T 580' (PRLC( I ) r I= tTNPRL )

100 5BC FCR.TAT(r*rr56X,2O13/)
Iot G0 T0 590
LOz 58I PRI\T 585
103 585 F0RYAT(r+rr5gXrrgr¡
104 590 IF{\4E.EQ.t0O0l Grl T0 710
105 PRI \T 70O
106 70O FI]RVAT(IOI I2OXTI II]E COI"I Pg¡'D PLAN IS BASED UPoN THE FoLLo|"lING ASSU

IMPTItìNS i t// 3CX' r1- NO -SITE LIi'IITATIONSr /3OXt '2- NO ACTIVITIES AR
IE REQIJIRFD TO C:CUPY SPECIFIC LOCATiONSI//?OXIIPLEASE ADVISE IF AN
IY I'IEl/\l RFSTRICTIO¡JS ARE TO I]E CONSIDERED'////////I

107 7IO CALL ARANGE(I-]TV,I.JEL'1 ,RSTIì,NPRL,,PRLC,AKEL,NEL,ARNIG¡ATRKT

t0iì
t N E L 1 , N E L 2 I S I T E I S T RI,i , E N R.W I S T C L , E N C L , L S R I"J I L N R W I L S C L I L N C L , FC A D I D U M Y )
PRI\T 7I5

lO9 7L5 FOR\4AT(r l-r r20X,t ARRANGET4ENT OF I4CDULAR ELEMENTS T.HAT REPRESENTS TH

l ro
IE i'IINII.iUM COSI OF COþlMUNTCATION BETI^/EEN ACTIVITIESI/r/I
pRI\T716r(JrJ=ITNEL)

1ll 7L6 FOR.\4AT('0" IoX,4013///l
D0 720 I = IrNEL
PRi\T7L7' Ir (Atì\G( i, J ) rJ=lrNEL )

ll4 1L7 F0R)4AT(r0rr5XrI?_t3Xt(4013r/ILX)l
I 5 720 CDi\iT I ¡]LJE

RATE = SLR\'/( ( 52-HLI)Y)'rl{KHRx.3600)
TIFl: = .2*SQììT(FLO¿\T(SPMD) )

xPNS = TOTV,:.TI ¡4E+R ATEr.x255
119 PRXP = PRCS*TL\4E'¡RATE*255
120 PRC= = XPÍ\S+PÀXP
I?L f-TPR = (Í)RCE*I00) /(NEL'.1+SP|'1Dl
L22 73 0 CALL PL {ITER ( S I ì'{ ' S TCL 

' 
L:.¡Rhj ' LÍ'JCL r S I TE ' 

i''IALL 
'l-l 

RZ N 
' 

FC AD T SPTYDT
INELT I IJEL2I PRT\I INACT I I']RTNI ,I'J¡!iIJR IDUIIY, PRLC, NPRL )

L23 IF(CfìYT.GT"0) G_î TO 734
L24 131 PRI\TT3B,PRCSITOTV,PRCS+TOTV

I.EXTEi!SJOiT.'t OTHÊR COi\1 PILTRS i'lAY NOT ALLCI.J EXPRESSÌi]NS IN OTJTPUT LISTS
L25 738 FtIRY/rT(10rr /2lXt TPREREOUISiTE V^LLIE DUE TO PREL0CATED ACTIVITIFS'

lrl2Xrr=r 'llCrr tJNl IT¡ //ZLXTTVALUE OF COI-4PUTl:ll LOCATITINS OF ÀiON RES
ITRICIED ACTIVITIESTT3XtT-r ril0rr UNIT¡ /B¿¡X¡t 

------. 
//ZIX¡

I¡TOIAL VALIJE 0F ?LAN ÂCC0RDING TO THIS ARRANCEMENT¡'lOXrr=r ¡IlOr
II UNIIT' I

T26 RETUIìN
L27 734 pRI\T T35,pRXprXpNS,pRCErFTpR
LZE 735 F0iì'1 AT( | 0r , / /2LX r'ANNUÂL CIIST OF COI,:MUNICAT ION DUE TO PR.E LtICATED

IACTIVITItS =r ¡ [Brt DoLLAFt //ZlX, 'ANNUAL C0ST DUE TO CoMpUIËD 
^CTIIVlTIES I r20Xrr=r rIBrr DOLLl\Rr,/

183Xr ' /zLX ' 'ANNl.iAL TOIAL COSI OF COMMUNICAT ION OF PLANI

92
93
94
95

96

9B
99

TL2
1t3

l6
T7
IB



I rl7Xr t=r ¡ I8r I DOLLAR | / /2LX,
IrAl.l\UAL COST PEI SQUARE F00T OF AREA C0NSIDEREDTT l3Xrr=r ¡ [Br
lr cEilTr //zlx,
II N.3. : TI-IESÊ FIGIJRES DO NOT INCi.UDE COST OF MOVEMENTS l"lITHIN EACH
I ACTIVITYI )

I29 RETJRN
I 30 END

I3T SUIììOUTfNE ST\VST ( NACTIACTVINCTGTCATGIKISUI'1 IVISTISTNDIACST,FACT)
L32 INTEGER SUM(\ACT'I'JACTIISTND(\CTGINACT)T ACST(NACT) ¡ ACTV I CATG
L33 REAL FACT (NCTG) I VIST( NACT)
L34 IF (ACTV "EQ. ( I GO TO 7
L35 DO 30 J = I'NjACT
136 SUI'1(K'J) = ACSI(J)
I37 30 CONT INUE
l3B K = ACTV
I39D040[=lINCTG
140 DC+O J=lrNACT
L4L ACST(J) = 0
142 STN) {I'J) = 0
L43 40 CONT I I'IU E

L44 7 D020 J=1'NACT
I45 SIN) {CATG r J ) = FACT(Cl\TG} + VIST(J)
146 ACSI (J) = ACSf (Jl + STND (CATG r J)
L1¡7 20 COí\TINtlF
148 RETTJR\
L49 END

150
l5l
L52
L53
L54
155

168
ló9

I70
l7l
L72

SUBìT]iJTINE ACCOST( COST,SIJI"l, NACT)
INTËGER COST ( \ACT I IJACT I I SUi'l(NACTINACT)
DO20l=lrNACT
DO20J=lrNACT
COSI (I'J) = SJY(I'JI + SUM(J'I}
COSI{J'I} = COSI(I'J)

156 20 Cot'tTINUE
L57
158

L59
1ó0
161
162
ló3

L65
I-ó6

RETJRN
END

SUI]ROUTI NE S}1C]ST ( COST,SIVCS,NACT)
I NTE3ER CIISI (\AC'l'' NIACT) r SMCS ( 2,f'¡ACT)
D0 30 J = ITNACT
D0 30 I = ITNACT
SiqcS(2'J) = SMCS(2,J1 + C0ST( I'J)

L64 30 CONII NUE
DO 40 J = I'NACT
SMCS(1'Jl = J

167 40 COhITINUE
RETJRN
ENN

SUBìOUTINE SI,1S]RT { SI'1CS , I.lACTI
I NT E GER SI'1CS ( ?. , NÁCT I

J = NACT - I
I73 9 IF (J .LT. I ) RETURN

D0 10 K = I r J
IF ( Sl'oCS(2,K) . GT" SIÎCS(2r K+l) )GO TO lO
| = SI"ICS (l,Kl
M = Sl'1CS(2'K)
SMCS(l'K) = S.,l CS(1 tK+l)
SI1CS(2tKl = Si'lCS(2 'K+I)

74
75
76
77
7B

179



r8o sl'lcs( IrK+1) = L
IBI sMcs(2tK+L) ='4
IfJz 10 CONT I NIUE

Itì3 J= J-t
L84 G0 r0 9
18 5 ENID

I86 SUBìf]UTINE PP,I]ìÏ ( IIACTINROW,PRIRISi,{PRTLARG¡CI]ST,SMCS I
LB7 INTEGER PRIR(NACT),SI\,IPR(NACT),COST{NACTTNACT),SMCS(2,NACTI
ItlS D0 350 J = l'¡IACT
189 PRIR{J) = 0
IeO S|'4PR{J) = 0
19 t 350 coNïI NIIJF

L92 PRII(r) = SiICS(1'l)
I93 .. D0 350 J = ITNACT
I94 LAR3 = 0
L95 DO 370 i = ITNACT
L96 SI'lPl(l) = SilPR(l) + CIìST(I'PRIR(Jl)
I97 IF(LAR,G .GT.SqPR(I)) GO TO 370

. l9B t)C 3BO L = lrJ
L99 IF(I .TQ. PRIR(L)} GO TO 370
2OO 38O CONTINJUF
zOL LARG = SMPR(II
202 NRlll¡l = I
203 370 CONrINIUE
2O4 IF(J"EQ. NACT) R,ETI.JRI!
205 PRIiì(J+l) = NR3!,1

206 360 CONr INUE
2O7 RETJRN
208 EÑn

2O9 SUBìlJÏ I N E AKI-L)4'{ ( S I Z E r ¡1R EA r P R I R ' S Pf ID 
' 

PREV r P r R r NACT r Ä KEL r l.lE LM}
zLO INT:GFR STZE(\ACTI,ÂREA(NACT), PRIR(I.IÁCTI TSPI4D¡PREVIPIRI

IAKEL{ 2rtJELM} ,A( 25)
zLL Dll 400 J =lrNACT
2L2 SIZE(Jl = AREA(PRIR(J))/SPMD
2L3 400 COt'JTII\iUE
211¡ PREV = 0
2L5 P=l
2L6ft=l
2L7 DO llo J = I'NACT
2IB N = SIZE (J)
zLq DO /t20 L = IrN
220 A(L) = PRÍR(J)
22L 1.1 = PÍìEV + L
222 AKEL{lri'l ) = l'1

223 AKEL(2'j!) = A(L)
224 420 COI{TINUE
225 PREV = l"l

226 4t0 CONTINt'lE
227 RETJRN
228 TND

229 SUI]RCUTI NE. E L¡JTIìK ( P I R II]LDI , OLDJ I NACT,S IZE I
IATIìK r CLì S T,i\I ELIl I S\1 S I , S¡ISJ, PR I iì )

23O TNTE3ER PTR,t]LDI,OLDJ,SIZE(NACT}ISMSJ,SI'lSJI ATRK(NEL¡4INELMI
I 

' 
C tl S T ( li A C T 

' 
N A C T ) r P R I R ( NÁ\ C T )

231 OLDJ = 0
232 DO 5C0 J = I'NACT
233 P = I



2t4
235
236
237
238
239
240
24L
2t¡2

OLDI = Q

SI4SJ = 0LDJ + Sf ZE(J)
D0 530 I = I,NACf
Si{SI = OLDI + SIZ-E(I)
DU 5iO K = P ,SrlSI
DO 5I0 L = ft rSi"lSJ
IF (P.ËQ. R ) G3 TO 5I5
ATRK( K rL ) =CoST ( PR IR ( I ), PRIR ( J I I / ( SI ZE ( I ) *S IZE( J ) )
GO r3 510

P = SMSI + I
OLDI = Sl'lSI

2¿1 ) 515 ATP,K(K'L) = 999
244 5LO COl\ITINUF
245
246
247 53 0 COhiT I NUE
248
249
250 500 coNTINUE
251 RETJF.N
252 E Nr_)

ST'ßROUT I NE RSTR.CT ( [IPRL, PR,LC T MET NELiVI AKEL, ARNG T NEL ¡ ATRK, PRCS T
1Du14Y, N:DNY, XF,Dlj, YiìDN I

INT:GER PRLC ( 2 0) rACSZ ( 90)'AKEL( 2' NELM) rXRDN(90 ) TYRDN (90 ), ARNG(NEL r
lNEL ) , PlCS TATP.K( \l ELt'l ,NELt"l )

Il'JTÊGER+2 DtJi4Y
IF(\r)¡4Y.EQ.0) 30 T0 651
READr (XRDN(I ),YRDN{ Il r I=lrNDMY)
DO 549 I= IrNDMY
ARN3( XRDN(I )'YRDN( I ) ) = DUI'1y

260 649 CONT INUE
26T ê5L IF( \PRL. EQ.O) GO TO 69ó
262 PRI\T ó50
263 650 FORYAT(r I'r l2X¡t ACTIVITIES TO BE PF,E LOCATED IN PLAN TO C0MpLy WITIII SITF LII.'1ITÂTIONS AND CLIFNT RESUIREiVENTS.'//20X, IPRE LOCATED ACTIlvlrYt t20xr rNU,YilER oF ELEMENTST 

' 
zox' ' RESFRvED LocATIoN' )

R = SI4SJ + I
OLDJ = SMSJ

253

254

255
256
257
258
259

267 655 FORvIAT(r0r r20X;IIOr27XrIl0l

264
265
266

268
269
210
27t
272
273

276
277

DO 580 L = 1'¡,lP!ìL
READ, PP.I C {L ) ,ACSZ ( L)
PRI\T ó55,PRLC(L,,ACSZ(L)

DO 670 J = IrNEL14
IF (PÍìL.C(L) "NE.AKEL( 2IJ I )GO TO 670
N = ACSZ(L)
READ' (XRDN( I ), YRUN( I ) , I=I rNl
Dt:ì 561 I = lrN
PRI\T 660;XRDN(l),YRDr\( I) '

D0 ó65 I =1rN
ARI'J3(XRDi\l( I )rYìlN( I ) l = ÂKEL( l, (J-l+l ) )

274 6óO FrlR,.1AT(r rrI00XrfARNIG(, rI3rr rrrI3rrlr)
215 66 1 C0¡iI I NIJE

278 665 COÍIT I NUE
27e G[) fr-.l (rB0
zEO 670 C0t!II\LrE
281 ó8C CONr INUE

C Ti.IEI'] IT I,JILL CO¡IPUTE THE CCST OF COI.IMUNICi\TIONS BETI{EEN PRE LOCATED ACTTVITfES282 D0 595 L= I r NEL
DO 595 ¡1=1,;rlEL
IF((ARi'lG(K,L).EQ.0) "OR. (ARNG(K,L).Eg"DUMY) I GO TO 695
DO 685 J = Ir\ELi'"1
IF{AtìNG(K,L).EQ.ilKFL(1,J} ) cO T0 68ó

283
284
285
286
287 685 CONTINUE



2BB
289
290
29L
292
293
294

295
296
297
298
299
300

301

302

303
304
305
306
307
308
309
310
3tI
3t2
313
3L4
315
316
3L7
3tB
319
320
321
322
323
324
325
326
327
328
329

330
33t

332
333
334
)35
336
337
338
v39
340

GO T0 óB7
636 NAK = AKEL(2.,J)
687 DL'l 590 N = l,\FL

DO 5?0 t1 = IrNFL
IF(( \RNG|'4ri,j ).EQ.O).oR.(ÂRNG(t,l ,N).EQ.DUMY)) co To ó90IF(AKEL(2,ARI{G(14 Ii,J}}"EQ.NAK) GÛ TO 690
PRC S= ÞRCS +ATR.K ( Atìt,tc ( K, L ) , ARNG ( M, N ) I * I F I X ( ABS ( FLOAT ( K_M ) )+lAfls( FL:lAT( t _r.l) )l

ó90 CONTII.IUE
695 CONTIIJLTE

PRCS = pRCS,/2
69ó ME = 10OO

RF TU;ìN
END

SUôlOLtTI NE ARA\GE ( TOTV I NE L]VI RSÏ R, NPRL I PRLC, AK FL I NEL, ARNG I ATRK 9INELI'NEL2TSITETSTRh' 
'Ei\lRl.J'SICL,E,\iCL,LSp.WTIToiWTLSCLTLNCLTFCAIJTDU)4y¡INT ËGEIì vALU' T0rV, RSTP. 

' 
PrìLc ( 20 I ,Àre r- rålrue Lþr) , ARNIG { ÌrrEL rNE L } r

ïÊJl5(NFLl'1'¡lELj\'1)IRotrrcoL¡c¡lrR'sIT[(NEL2'NFL2)rsîcL,ENCL,éinwrEi,iRh/r

't5 
2

753

755

INTEGFRI.2 DUMY
TOTV = 0
IF(\EL.LT"l2) 30 T0 752
CNTR = (NEL/Z) - 2
G0 ro 753
CltJTR. = fl=L/2
DO 790 J= lrNËLy
MNVL = I000000
IF(\PRL"E8.0) 3t To 757
DO 755 I'J = ITNpRL
IF{AKELl2¡J) .EO.pRLC(i\,D ) GO IO 790
CONT INUE
GO IO 7ó0

157 IF{J"NF. I ) GC T3 760
ARNG ( C¡!TR' C\jTR ) =AKEL ( I, J l
GU TO 790

160 D0 780 L = IrNEL
D0 7B) K = lr¡tEL
IF (ARN3(K,L) .N:E. o) G0 TO 7BO
ARhlS(K'Ll = A(EL(1,J,
N¡\K = AKEL(Z,Jl
VALU = 0
NTVL = 0
D0 770 N=t r NEL
D0 770 Il=Irr.JEL
IF ( ( ARN,c ( i"1, \ ) . EQ. O ) .i-l¡?. ( ARTJG( I,t, N l . Ee. DUtly) ) GO TO 770VAL U= VÀL tJ +,ATR K( AR l',lc ( K, L ), ARNG ( {r N ) tàkl F IX ( ABS ( FL0AT( K_M ) ) +lABS( FLilAt-(t-_N) ) )
IF(AKtL(2tARNG(V,N) ).EQ.tt¡.K) Go T0 77O
NITVL=hll'VL+¡1T RK ( ARNG ( K, L ), AR[jG{ M r I\ ) ) ìk I F IX ( ABS ( FLOAT { K_M } )+IABS( rLOAT( L-NJ} ) )

770 CONTINUE
IF ( VAL.U .GT. I1I\VL) GO TO 775
f'lNVL = VALU
ROl"'r = K

COL = L
NET = iJTVL

775 ARl,l 3(Krt.) = 0
7B O CIJNTI NUF

ARI!3(tìOl.,J'C3L ) = AKEL( lr Jl



34L TOTV = TOTV + \EI
342 79C COr'trtNIJF

C TIIE\ IT HILL LCCATE ACTIVITIES NUI'1BERS IN THE LARGER I.4ATRIX IISITEI'
343 DO 3 [ = Irl'.lEL
34+ D08J=I'NEL
345 IF(ARI.IG(I,J)"EQ.O) GO TO B

346 IF(ARNS(.I,J}.NE.DUMY) GO TO 3
347 SITE( (I+1¡ '(J+l) ) = DUMY
348 GO TO B

349 3 DO 4 K = lrhlELll
350 IF (ARNG( I,J I.FQ.AKEL( I,K} ) GO TO 6
351 4 CONIINUE
352 ó SITE((I+llr(J+ll) = AKEL{2,K)
353 B CONTTNUE

C JHEI.I IT I^IILL TRIM THE MATRIX'ISITE'' ACCOfìDING TO CONTOUR OF LOCATED ELETlENTS
354 D0l0J=Z'NELI
355 D0l0I=2rNELl
356 IF((SITE(IIJ}.EQ.O)"0R"(SITE(T,J).EQ.DUMY)) GO TO IO
357 STC- = J

. 358 GO r0 15
359 l0 cc;\tr I I\JUF

360 15 D0 20 J = 2 
'NELI3Él D3 20 I = 2'NELI

362 IF{(SITE(1,(NEL2-J+l}).EQ.0).0R.(SIIE(Ir(NEL2-J+1)}.E8.DUI4Y)) G0
tTc 20

363 ENCL = NEL2 - J + I
36t+ GO TO 25
365 20 CONTI NUE
366 25 DO 30 I = Z'NELI
367 D0 33 J = 2rNELl
368 IF((SITE(IIJ).EJ"O}"OR'(SITE(I,J).EQ"DUMY)) GO TO 30
369 STRd = I
370 G0 T0 35
37L 30 CONIII.JUE
372 35 DO 40 I = ZrtJELl
313 DO +0 J = ZTNELI
374 IF(( SITE((hrEL2-l+l) ,J) "E8.01.0R. (SITE( (NEL2-t+I lrJ ).EQ.Dur,ly) ) GO

lTO 40
375 EllRi^J=l'lEL2-I+l
376 G0 T3 4t
377 40 CONI I \tUE
378 4l LSCL = STCL - I
379 LNCL = ENCL+I
380 LSR¡I = STRI.J-I ,3BI Lj\Ril = ENRt^j+l
382 FCAD = LNCL - STCL +I
3e3 DO +Z J = Irt,t EL
384 DO +2 I = IINEL
3BS IF(AR.NG(l'J)"E.l.DUI"IY) ARNG(I'Jl = Q

386 42 Crli\l I I¡JUE
387 RETURN
388 END

3'ò9 SUBR,LIUTI NE Pt- t]TER (.STRt,{, STCL , L NRl,{, LNCL I S I T E,I,]ALL , HRZNI FCAD, SPMD,
I N E L I, NI E I.- 2, P P. T N, :..I AC T, l,,IR TN, Ni'] BR, DIJ I.'1Y, P R L c, N P RL )

390 INTEGER STR'{ r S TCL ' S ITE ( NEL 2 
'NEL 

2) r l,iALL ( NEL2 
' 
llEL2l 

' FCAD r SCLE r
lDFþ1 I/THALF' /t'JN/ rONEt/rSIDËrl,,iRTN.(ltACT)'N¡4BR(FCAD)'SPr'1U'PRLC(20)

39I INIEGER.,i,2 PLUS,/r+t/rDASll/'-t/|EYE/,lt/ TBLANK/t t/¡I-IRZN(FCAD'Zl,
IPRT\(FCAD), DU}4Y

392 PRI \T 50



I

393 50 F{lR!.lAT{rIr)
39+
395
396
3c)7
398
399
400
401 55

KEPT = I
DO2CC0 I=STI!.JrLNRti
N-1
DO

F{
F(

C00 J = STCL r Ll'JCL
SITE( IIJ}"\ìE.O).A\0. (SITE{I,J).NE.DUI,IY) ) GO TO IIO
SITF( Ir ( J-l) J.r\tE.0).AND. (SITE{t, (J-t) } "NF.Dul"lyl, G0 TO Z5

= DAS ]{
= DASiI

F((slTË{ (I-l)'J}.E0.0).oFì"(sITE( (i-l},J).EO.DUMY) I Go To 6sF(/ALL((i-1),Jt.GT"0) GU TO s5
+02 ó0 HRZ\ ( 

'\t 
,I

403
404
405

HRZ\ ( N,2
N = N+l
GO TO 1000

IIRZN(\l r2) = BLA,'lK
N = N+l

IF((SITE( I, {J-t) ).EQ.0)"0F1.(sIIE( I,(J_l) }"EQ.DUMyl ) GO T0 ll3
GO T[] BO

IF(:CAf,r.LE.lI) G0 TO t20
SCLE = DEMI
SIn[ = !

406 (,5 IF(,,.JAL[((I-l),J).GT"0) GO TO BO
407 HRZ\(N'l) = BLA"JK
408 HRZ\(\lr2) = BLArrlK
4O9 70 N=N+l
410 G0 TO 1000
4\\ .75 If-((SrTE((t-1),J).ÊQ"0).0R.{SITE( (r_It,J).EQ.DUMY)) GO TO 114+12 GO T0 95
4L) 't7 IF(sITE(I'(J-ll)-ÊQ.sITE((I-t),(J-I))) cu r0 BB4L4 80 HRl-\(¡J,I) = pLUS
415
4I6

4IB

4t9
420

4L7 85 IF(SITE(lrJt.EQ.SITE(I,(J-l))) Go TCt toooIF(( (sITE(I, (J-r ) ).EQ.0) "oR"(stTE(Ir (J_1) ).EQ.DUMY) l.A¡lD.l( ( sITE( r,J).EQ.0).0R. (SITE( I,J) "EQ"DUMY) ) ) 6O TO lOOO[{ALL(l'J) = I
G0 ro 1c00

42L 88 HRZ\(N'1 ) = EYE
UR¿\(N'2) = BLA¡lK
N = ll+1
I^JALL(I'J) = f
GO TJ IOOO

426 95 HRZ\(N,1) = pLUS
HRZ\(N'2) = llAS'{
N = I'l+1
GO TO 85

430 105 If--(SITt(I,J).EQ"SiTE{(i_1),Jl) GC To 70
43L GO T0 6C)

432 rt0 IF((l'lÀLL((I-1)'J)"EQ.0l.AND.(SITE(t,Jl.EQ.SITF(I,(J-t)tt) Go T0llo5
IF(SITE( IrJ).EQ.SITE( I,(J-I)) ) GO TO ]II
If.{SITE( I,J).EQ.SITE( (I_I ),J) ) GO TO 112
G0 Tf 95

436 lll tF(SITE(I,J).EQ.slTE((I_1¡,J') GO T0 65
437 G0 TC 55
438 LLz Ir-(SrTF(I,(J-r)).FQ.SITE((t-I),(J_l))) co To 88

422
423
424
425

427
428
429

433
434
435

439
440

442

446
447
448

4 4 L I I 3 I F f ( S I T F ( ( I - I ) , ( J - I ) I . E Q " 0 ) " 0 R . f s I T E ( ( I _ I I I ( J_ 1 ) ) . E Q . D U M y I ) G OITO B8
GO 13 BO

+43 lI4 IF({SITE({I-il,(J-t)).NE"O}"AND.(SrTE((I_1) r(J_I)).NE.DUMY}l GO

t+4 4
lTo 77
GO TO BO

4A5 I00J coÌlT I \.Jr.



44e G0 I0 125
450 LZO SCLE = UN
451 SID: = lO452 L25 PRI\Tl3Or( HRZN(Krll r(HrìZ¡J(Kr2l¡L=2¡SIDEI rK=ITFCADI453 130 FORVAT( | rr 20Xr IIOAt l454 t)o 135 K = I,FCÀD455 DO 135 L = L¡Z456 HRZ\{KrL) = ßLAI,|K451 135 c0NIIIJUE
458 frj = 1
459 D0 l5t J = STCL r L|JCL460 IF.il,tÂLL( t rJ) " ÊQ.0 ) co To 15046I pRT\f I,t ) = ÊyE462 IF((slrË( IrJ)'E?.0).0R'-(sITE(I'J).FQ.DUM') ) Go To I50463 D0 140 L = lrKEpT464 .. IF(l'lRTN(LI.tQ.SITE(IIJ)) GI] TO I5O465 14O CONT I NUE
466 Nl'lßR,(N) = SITE(IrJ)467 h'r{T\(KEPT) = SIIE(I,J)468 KEpI = KEpT +l

. 469 i5C tJ = lt+I
47o 151 CoNIINUE
47L IF(sclE.EQ"DE\4I) GU TO tBO412 pRI\T160, (PRTN(N) rtj=l rÍ:CAD)473 1ó0 FoR.'j¡.T( ' , ¡LZX'llAl0)474 -PRI¡l Tl7Or {tii4lir(irt ) rft=lrFCAD)475. I70 F0RYAT(r*f rI4X,IlIlo)416 DLI 176 K = !t4477 PRI\TLT5 tlPRTN(N),trl=l,FCAD)478 L75 F0RqAr(, rrI2XrllAl0)
+79 17 6 CoNï r NUE
4BO GO TC 2054¿ìI tBO pRI\TlBlr (ptìT\(N) rN=lrFC/iD)482 18r FORYAT{' rr17Xr22A5't
483 pRI\ITlgo,ilitjBRijrt) rN=l ,FCAD)484 19c F0iìvl AT (1*r r Igxr2215)4U5 pRI\T200, (pRfí\j(i,J) rN=lrFCAD)486 200 FOR,l^T(' r r l7X,22A51487 2OS D0 206 K = I, FCAD4,tl8 PR T\ ( K) = BLANK489 Nlt4Bì{K) = Q

490 20 6 CONT I NUE
491 2000 c0NTI NttF492 PR I \T 2I O, SCL E, I F I X( SORT( FLOAÏ( SPI"iD } I )l'ExrENSItlN'x orllt'R ccl'4PIL[;ìs i''l AY NoT At-Lol,.t EXpRESsl0Ns IN otJTpur LISTs4li 2ro FoRqAT(ro'rzoxrt scALE, rlexr,irr16r, INCIJ =rrI5rr FEETr494 RETJRN
495 END

$E NTR Y



NUTÊER f,F ACTIVTTIES

S PAC E I'1I-]DUL E
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SUI.I OF VISITS FROI'II EACH ACTIVITY TO ANY OTHER ACTIVITY
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ARR/\NGEMENT OF ACTIVIIIES ACCORDING TO PRIORITY OF CONTACT
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APPBNDIX C

A comprete set of tabres of the movement pattern
of each person are shown in the following i-abIes. The

sign (*) indicates the working station of the person

involved.

119
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ACTIVITY:

.PERSO}'I:

.CATEGORY:

TTME AND I'IOTION STUDY OF PtrRSONNEL

2

2

ACTÏVITY:

PERSON:

CATEGORY:

SAI{E

SA}48

SAI'18

Destination
Point

Change of
Direction Points

Date: Oc

Starting
bu 27, 70

Time: I0. JO Ai'i

t+6

7
t+6

3o

46
t+g

+å

36
tt

3L
35
)3

âk

33
2B

.,f

43
If

2B
9

L2B,*r22-T26
L26:L22
r22-r26
L26-L?2*LO6
ro7
L28-L2?.-126
r36
a26*L22-LzB
111-108..110
110-l ) B-111

1o 7 --Lag
109-108

106-105
105-106
10 6*tz6

1o 6-to5
LO6.L?B
128-106

End at: 12"00 Noon

Time Recorded: 1.JO Hour

Change of
Direction Points

Destination
Point

I2B--L?-2 -r2 6
126-L2?-,-L23
1o6-105
1O5-106-1r 1
111-1O5
^ ^/.LUO-.LZ:. L¿ /
L22-LzB
ra6-Lo5
106-t?2-r26
l'26^r22-ra6
ro6-a28^r?.2
122-r28
tze-L23
I?Lþ-]-T7
l_zLt.-r?2-I?8
LaB-r22-126

Dat.e: SAM E

Startinq Time : lL o ?O Plrj

Encl at: 3, OO PM

Time Recorded, 1'40 Hour



12I

.ACTÏVÏTY:

-PERSON:

.CATEGORY:

TT}4E AND MOTION

SA}18

SA}'iE

SAiriE

STUDY OF PtrP.SONNEL

ACTIVITY:

PERSON:

CATEGORY:

2

3

Change of
Direction Points

106
1o7-1o9
ro9.-Lo7 -ra5
rc5
!92 r^^ -+1-LV )*LLö -I)u
136-L?-B-1o5
to5
Loz*L22-ú6
136*r22-rO2

Destinal-ion
Point

Date : Nov. 2., 70

Starting Time; 2.OO PI'{

End at: 2.50 PM

Tirne Recorded: 50 }llnute

Desti.nation
Point

Change of
Direction Points

Date: Oct " ?.7 ,7O

Starting Time : l-O " 30 At'l

3'ì
tl

3o
3r
35
L7
3,í
Jo

"i

3r
3B

.ìt

33
ãi-

1ÀL
31

-É

Lo7

ro7*1o8
107.".128 *L?,2
r22-r2.8*TO7
109-107

109

107*108

I?B-l.22..-I24
r2t4.-I22-L28

End at: 12"00 Noon
Time Recorded: 1"30 Iïour



122

TIME AND }ÍOTION STUDY OF PERSONNEL

. ACTTVTTY: SAME ÀCTIVTTY: SAFIE

-PERSON: SAI{E PERSON: SA}18

.CATEGORY: SAME CAT'EGORY: SAME

Destination
Point

Change of
Direction Points

Date: S

Start-ing
A}iE

Time: ]"30 Pli

14
??
27
?B

JL

2B
t+

t+g

16
tt

11
5

22
ts

T6
14
1B

s

?
r,{'

4g
+t

¿ö
35
36

t¡'

10
4g

I2B^L22-LzL],
I24:-L22"-Ia6
10?-r-o6*105

l.o5
ro5
105
L28.-r22-L26
L26*t22-r2B
t284-22
r22^L28
tzj *r22
121.-116
116-11-3 *126'
L26-L2?.*r28
LzB-L22
IÐ1'..l-2 5
I? 5-LzLþ
rzt+-L7B
T2B

tzï-L22-L26
126-t22*LzB
r05
Lo6-ro7
109-110
11O-107
L22-L2 5-rr7
118-126

End at: Cont.
Time Recorded: Cont"

Destination
Pol_nt

Change of
Direction Points

Startrng
.sIE

Time: SAIvIE

L2

2
t+ç

1B

t, /
4.O
Ltg

l+

L26-L22-t7B
T23-LzT
T2T.-T2B

r2B-L22*l-26
136*L26
I2t1.-L22*128
LzB-L22^-t-36
L36
12.6-L22-L28
tzj-t22^L2 5

E¡rd at: 3. OO PM

Tinl.e RecorCed: 1.lO Hour



l-23

ACTIVÏTY:

PBR6ON:

.CATEGORY:

TT}4E ÀND I'ÍOTION

SAIuIE

SAIVIE

SAIViE

STUDY OF PtrRSONNEL

ACTIVITY: 3

PERSON z 4

CATEGORY: 1

Dest-i-nation
Point

Change of
Direction Points

Date: No¡

Starting
u 2, 70
Time: 1" 20 Pl'l

))
3t+
11.6

t+6

4g
tt

32
'íg

3r
DALU

x

46
às

2B
46

¿¡-

4g
t+6

49
r

¿ö
'¡f

16*

1o?-1OB
lOE-109
Lo7 -122*Lj6
L36*r2?*:-06
J-28-L22:r26
136*L22*to6
Lo6*L22*L36
L36-L22-ra6
1O7=. 108
lOB-107

105
Lo5
L28-L22-)-26
126-L22-r2B'
105
Lo6-r22-L36
136-r22^Lo6
106-L22-L36
L36
n6
rz\-r22-126
ro5
to5
106-128
rz9-to6

End aL: 2"2OPM

Ti¡ne Recorded: 1, O0 Hourr

Chanqe of
Direction Points

Destínation
POINT

5
)É

5
+â

Date : Oct ,26 r?A
Starting Tinte: 10"4

End
Time

12.O0 Noon
Recorded: 1" I Ilo



124

ACTIVITY:

-PERSON:

'CATEGORY;

TTME AND MOTÏON

SAME

SAME

SAIvIE

STUDY OF I)ERSONNEL

ACTIVITY: SAME

PERSON: SAME

CAT,EGORy: SAl4 E

6
Jt

16*
5
++

I
.¡r

r3
49

5

4g
46
tl

4'g

End at: 3 " O0 PIvl

Time Recorded:

Change of
Direction PoinLs

Dest.inal-ion
Point

Date: SAI1E

Startíng Time: L "T

LL5*A2A
Lzo-'Lr5
LL6-L22.
L22*1-L6
LLz

It2
r]5*116
rL6-t22-L26
L26-L22-Lr6
LT2

IT6-L22-TT6
].36
L26-r22-Lr6
Lt6-t22-L26

Desti-nation
Point

Change of
Direction Points

DaLe: Oc'

Starting
" 27 r7Q
Time : 10. 15 Ali

l.o
v-

2
I)

?.2
Lt.o.

1B
+å

L:_6-L22*T26
L26*r2,2*Lr6
rL6:L22-A?.8
LzB -t22-rl6
rr6-t?2*L36
136
r26-r22-U 6
r).6-L2?*L2t+

End at: 12.00 Noon
Time Recorded: 1.4J Hour'L.45 llourr



72s

ACTTVITY:

.PBRSON:

.C.ATEGORY:

TÏ}48

SAME

SAIvIE

SAME

AND I'IOTÏON STUDY OF PERSONNEL

ÀCTIVITY:3

PERSOI.I: 5

CATEGORY:3

Desti-nation
Point

tc

I
o

É.)
.]Í

r+g

Change of
Direction Poín{-s

J-r6-r22-T36
t36-r22*rl*6
115-118
rl8-115
r22.-L26-rclt
¡a/l.áÐ*LZU
Lzo-LI5

rt6-L22^L36

Date: SÁI,18

Starting Time: 1" 20 1.¡l'1

End at: 1"50
Time Recorcled: .JO Mlnute

Destination
Portlt

Change of
Direction Points

Date: Oct " 26r7O

Starting__Time : _!? "'!t Al'

3
IL

TL6-I22.T?.8
:-'28-L22-Lr6
Lr6*L?2*L36
136-122-116
tr6-L22-t23
rL6*r22-ú6
tt6.-L22*rr6

4g
'l$

3
t+g

l+
{+

I L22-LA6-LOt+
10 t+-ro6-r22

End at: 12.00 Noon

Time Recorded: 1"1J Hour



L26

ACTIVÏTY:

.PERSON:

.CATEGORY:

TTME ÀND I'IOTION

SA}TE

S/rlviE

SAJ{E

STUDY OF PtrRSONNEL

ACTIVITY: SA}18

PERSON: SAIvIE

CÄTEGORY: SAME

Des tinal-ion
Point.

chanie of
Direc l-ion Points

Date: SA

St.arting

TiL

Time: 1"15 P M

4g
-q

t+g

Lt.

-É

B
22

6
?ç

4
Lþ6
*.
t+g

t
tf
I+
+f

l+
v-

22
t+.

6
)
4g
l?

l+

t+g

LL6-L22.-.r36
136*T22-LL6
L!6-L22*136
L36*L22-l]6

Lt6-L22*LzB
L?B-L24'r36
126*L22:Lt6
Ll-5*L2o
]2o-115

LL6*L22-L36
L36-T22-116
Lt6-122-L36
136-101-102
101-12 6*lZZ

116-122-r36
136-L?2-116
115-12O-
r20-L22-J.28
r2B-r22-t36
136-L22-Lr6

rr6-L22-t36

End at: 3"OO PM

Time Recordedz !,4J Hour

Desti.nation
POrt'rr

Change of
Direction Points

Date:
Startin
,!t

4

4g
àr,

4
Lt9
.lâ

46

ttç

"2? n '7O I
Time : 10 " 15 AL=j

L16^L22-a36
L36*L22*rr6

tL6*T22-L36
736-L2?.-LJ.6
L!6*r22-"136
L16*r22-rr6
rL6*L22-r36

End at: I2"OO Noon

Tirne Recorded, 1o 45 Hour



127

ACTÏVÏTY:

-PERSON:

.CATEGORY:

TIì4E AND I,IOTION

SAME

SAirrE

SAME

STUDY OF PERSONNEL

.A,CTf VITY: l+

PERSON z 6

CATEGORY: 2'

Destination
Point

Change of
Direction Poiuts

Date: Sl

Starting
ME

Time: J-"1-5 PM

6
t+g

l+
.*

1t-
4g
22
46
.¡t

l+

22
n'

49
s
Lt.

l+

33
tt

l-r5*1-2O
r2o^)-22*l-36
136-1-22.-l:-6

LT6*T?L
L22-r36
L36
Ð6
L36-L22^Lr6

LL6-L22-L36
L36^L22*rt6
LL6*r22-136
L36-t22-rL6

tL6-L22-LzB

i:lncl at: 3 " 
O0 P¡I

Time Recorded L,l*5 Hour

Destination
Point.

Change of
Direction Points

Date: Oet "27 o70

.S_tar_tin
I.ìr

Time' l-0"20 AI'{

7
4g
1r-

L7.3-r2O
I2O*I?2-L36
L36*L22-L7O
LzO-r22-L36
L36-7.22-Lzo
rL3-"12A
L',¿O-L22-L36
L36-L22-LzO
120 -A22*136
r56-L22-7.?o
IzO*T22-L36
t36*L22-Lzo
tza -L22*L36
L36*t-2?-tza
LzA-L22-L36

tyg
{{

7
22
}L

4g
&

ttg

4g
ah

4ç

Ënd at: 11"20 PM

Time Recorded: 1oO0 Hour



]-28

ACTÏVITY:

.PERSON:

'CATEGOR,Y:

TIT4E

SAME

SAITTE

SAIqE

AND I'IOTION STUDY OF PERSONNEL

ACTTVITY:

PERSON:

CATEGORY:

SAYIE

SAI{8"

SA}IE

DestinaLi-on
Point

Change of
Direcl-íon Points

Date: S;

Starting
TJiE

Time : l- 
" 
20 PM

åL

t+g
*
7
)._

7

3L

7
4

33
T

5
7
x

4g

4g

LzO*\22*L36
L36-J-22-r2o
113-t2O
l-zo-LL3
113*120
100 r tQ
J.LLæ J-Lí)

tzg*L22
l-L1*LzO
Lzo*1_r5
115-12o
L20-r22-LO6
LO6-t22-t20

12o*115

r2o-t22-136

End at: 2"3O PM

Tirne Recorclec_l: I.1O HoUr

Change of
Direction Points

Destination
Point

Date : Nov .2 r7O

St.arting Time : l- 
" 
40

L?.O-7.22-L36
L36-L22*LzB
LzB*]_20
l20 *LzB*LA6
r06*r-28-r2o
IzA*LL5
l-]-5*Lzo
LzO*L22-I27
L2? *L22-L20
L7a-3-22-136
t36-1-2.2*LzA
r2o4.22*t36
L36-L22*tzo
Ll.3*r2O
r2o*L22-t36
136*L22*r2o
r22
122
Lzo*t22-r36
L36-L22-Lzo
rzo-t22*r36
L36-L22-Lzo
Lr}-tz}
Lzo-Lt3-
r2o-r2?-L36
L36-122-tzo
12O-115
116-r22-128
LO6^I22-r20

7
?2
7
9
åç

t+g

46
It
7

4g

5
35*

Encl at: 3.30 PM

Tinic Recorded: 1o JO Hour



]-29

ACTIVITY:

.PERSON:

.CATEGORY:

l+

7

3

TTI.IE AND I.IOTION STUDY OF PERSONNEL

ACTI\ZITY: SAME

PERSON: SAME

CATEGORY: SAI\TE

Destination
Poínt

Change of
Direction Point.s

Date: 0c

start_i_ng
.2? u7O

Time : lO. 20 AI'{

t+6

33

3

t+6
tt

6
¿l

6

5

35
lÉ'

35
+F

33

5
37
.|l

L22-L26
126-L22
L22-LzB
r28*L22
L22-T2B

tzz-L26
L26^L?2

r2o*L1.5
LL5-'.t.zo
L22^LzB^ro7
ro7 -T?B-L22
t22*LzB*ro7
ro7 *LzB -r22
L22-L2B^Ltt
LLL-A?B-122
tzo*Lr5
L22-LzB.LIL
rtt-l-?B-L22

Iìnd at: 12. OO Noon
Time Recorded: 1"4O Hour

Destination
Point.

Change of
Direction Points

l**;t^t
I starti's

fE

Time : 1.20 Pi{

6
s

6
'lt

6
+:

5
1B
â{'

32
28
33
+t

t5
33
r5
33*
33
2B
.tå

35
1B
35
2B
1B
L

2B
3

L20

120

12a

Lza-LL5
L22-7-21+
L24^]-22
t22*L?B
111-105
105*111
10ó-128 -122
I22*I?Lt,
L?|+-LzB-111
LLI-L?B-L2I+
L24*L2B-111
106-128 -I22
L22.L?B-TTT
r11-1o5
to6-r2B-L22
L22-I2B-rO7
ro7 -L28-I22
I22-t28-tO7
107-105-
LO6-LzB-r?t+
LzLþ-T22
122-L28-to 5
105

End at: Cont.
Time Recorded¡ Cont"



130

ACTIVITY:

..PERSON:

.CATEGORY:

TI}.IE AND I'IOTTON

SAME

SAME

SAI\48

STUDY OF PERSONNEL

ACTIVITY: SAME

pERSON: SAME

CATEGORY: SAIIE

Dest.inaLion
Point

Change of
Direction Points

Date:
Starting

SAME

Time: SAi'tE

2B

35

46
t{'

4g

105
106:12B -r22
7.22-LzB-107
10?-128 -L2?
t-22-126
L26*L22
L22-r26-L36
L36-L26^L22

End at: 3. OO P¡1

Tinre lìecordcci: 1.40 Hour

Dest.i-nation
Point

Change of
Direction PoinLs

Date: No

Sta::tinq
" 2s70
Time : l- 

" 
15 Pl4

¿r.6

1-3
t+6

6
t+6
":!

+6
T2
11
r*

2B
)
'L

3
2B

3

1I

6
t+6

6
+f

46

L22-126
L2L
r22*L26
T26*L2.? -LzA
I20*L22.*r26-^/L¿O."L¿¿
I22*1_28*LO6
105
LO6-L28"-L22
I20
L2þ
t20
t20
L22*L2B*T2?
L27 -r2B-L2?
t22-L2B-Lo6
Lo5
105
10 6^tzï-tzz
L22-L26
136-L2L+-LI7
12;<
t24-L22
t22-L23
L23-t22
L20
r22-t36
136-t2?
L20
t22-L26

End at: 1" 55 PFi

Tinc Rccordeci: l+O Mlnute



131

ACTIVITY:

-PERSON:

.CATEGORY:

5

B

?

TIME AND I{OTION STUDY OT PERSONNEL

ACTf VITY: SAI4E

PERSON: SAITIE

CATEGORY: SAME

Destination
Poínt

Change of
Direction Points

Date: 0

Starting
ct.27 ,7O
Time: lu 20 ?T{

,t.+

46
.;?

z
.:t

tþg
¿k

LÞ9
.F

t+g

4'g

49

49

T27 -tz\
T2B-L27
LzB-L22*l^36
Lj6,-L224-28
L2?*'LzB
LzB -L27
LTB.^L22*n6
L36*t22-r28
r2B*L?2-136
L36*L22-r2B
r2B-L22^L36
L36-L2,2*L2B
rzï*t22.-Tt6
t36*L22-LzB
LzB-L?2.L36
L36-r22*T2B
LzB-L2?*L36
L36-L2?-LzB

End at: 2.10 PM

Time Recorded z 50 lllnute

Destination
Point

Change of
Direc.tion Points

Nov" 2

start ins JfIg"-k-O-g- ro *

4

46
;'.

Lt6
¿f

t+6
1+g

+å

5
9

LzB-T2T
t22-a36
t36-L22*L27
LzB-T22-L36
L36*L22-LzE
LzB*L2?^L36
T36
L36*1.22*r2B
TZB.l-zl.
LL6-L22
r27
r27
r27
r28-L22*r)6
t36-t22-tzj
],zB*r22*L36
136-r27-r2B
128-106
106-l-28
tzï-L22-r36
L36-r22-r2B
r28^L22-L36
t36-L22-L28
1z3-1.22,-L36
L36-12.2-!?B
128-121
TaJ"-T2B

9
)l

22
àt

+e
tf

2
F

Ltg
1t

ttg
iF

4g'
ts

5

Ëncì at: 4"10 PM

Time Recorded z 3 "10 Hour



132

ACTTVITY:

PERSON:

.CATEGCRY:

TI¡48 AND I'1OTION

5

9

3

STUDY OF PEIìSONNEL

ÀCTÏVITY:

PERSON:

CATEGORY:

SAiviE

SAT{E

SAME

Destination
Point

Change of
Direction Points

Date: C

St-.artirrg
'et.26 g7O

Time : 10 " 
¿+5 AÌ'1

35

ft.o

3o

+o
&

t+6
#

3':Þ

6
t+6

35

35

l_28-10?
La? -LzB
L22-r36
L36-L22-Lo6
106*128
r22-t36
L)6*r2?
r22*r36
TJ6.T22
128-10ó
106-l-28
l-20
L20*L36
136^Lz?*Lo6
to?*r2B
128-rO7
107-]"28

End at: 12.OO Noon
Time Recorded: I"}J Hour

Change of
Direction Points

Destination
Point

o
¿5

5
alr
)L+

37

2B

36
)ö

35

L20
L20
L?O*LJ-5
LZA""L22.-\28
107-1-28
128*106,=1}}
106-128
128-I06.-ÌO5
10 6.-rzg

r2B*To7

LO? -r2B
128-lo7
TO7 ^LzB
128
L28
128-107-110
11O-r-o7-128
128-1o7-].o9
1o9-107*128
128.-10?-11o
110-1O?-128

Date: SAME

S l-a.rtinq Time : 1,15 Pþl

Fjnd at: 3, OO PM

Time Recorded: 1,45 Hour



133

ACTIVITY:

.PERSON:

.CATEGORY:

TIT4E AND I"IOTION

SAIr]E

SAI¡tE

SAME

STUDY OF PERSONNEL

ACTIVTTY:

PERSON:

CATEGORY:

6

IO

3

Destinal-ion
Point

Change of
Direction Points

Date: O

Starting
t"27 o7O

Time: Il,OO Am

B

t:)

46

35
-rt

35
.!å

B
I

35
6
lf

'l 2,7

L27
l-zo-tL5
115-12o
L2?-*L36
L36*L22
128-106
to6*128
128*1O6
1CI6*128
L27
L27
L?B-LO6
106-128
r20

End at: I2.OO Noon
Tirne Recorclecl : 1u OO Hour

Destination
Point

Change of
Direc'Lion Points

Date: C

St.artincr
et,2l uf O

Time: l.O

ttç

I
t

5

2

L.o
È

t+g
a

L]*B-:T26*L36
136^t26-TrB
J.Ll -!21Y.-a2g
T2B4-21,1*LL7
118-:Ì.i-6
116*118
t\?*LTtþ*1-28
LzB-3"2t+*LL?
118-12ó*1"36
136*t-2ó-118
118-126*136
L36-L26*1_LB

End at: IZ"OO Noon
Time Recorded: 1o l+O Hour



l-34

TII4E AND MOTION

ACTTVITY: SAME

-PERSON: SAF1E

.CATEGSRY: SAME

STUDY OF PERSONNEL

ACTTVITY:

PERSON:

CATEGORY:

Dest.ination
-L'Oln1:

7.2
t+6

+i.

46
J'

7

11

2

t.tg

L2
4.9

,l+6

r3
tâ

t+g

2
49
L2
46
*

t+ç
-ri-

t*g

]B
B
;&

B

t+g

Lþ9

1B

LzL*L]-6
L22.*r26*L36
L36*L23
L23"-L36
136-L23
r23-t36
136^124-1 17
TL?*Lzt+""L36
L36*L2.3
L23*]36
136^L23

L?3^136
L36-LZT
136-1-22*L7B
LzB-1.22-r36
L36-124-117
tl-? -rzt.t -L36
L36-L23

DestinatJ-onl Cirange of
Point I ¡irection Points

118-12 6*n6
L36-126*t-t.B
1l.B-126-136
136-r26*I-LB
l.TB*T26-
h ô^ i 

^ñLLL*L. (
I22*LZho;LL?
LL? -L2|1,-T2B
LzB-]-2tþ-11?
11.8-126-..Ï36
L36*\26*LTB
rLB-L26*L36
136*t-a6*LLB
126-118

Date: SAI{E

Starting Time: 1" 20 ?i'1

End at : 3. l{.0 P}il

Timc P,ecorCeC : 2 u2O Hour

Change of
Direction Points

Date: gejl ,26?0
Startinq Tj.me: lO" t+5 ILlI

End at: l2"OO Noon
Tin.c Recordecl : 1,15 Hour



13s

ACTIVITY:

PERSON:

.CATEGORY:

TÏMB AND I'IOTTON

SAYIE

s¿rqn

SAI{E

STUDY OF PERSONNEL

ACTI VITY: SAI'18

PERSON: SAME

CAT'EGORY: SAIviE

Destination
Point

Change of
Direction Poirrts

Date: Sl

Starting
I'18

Time : 1,2O PI'I

.!s

I+6
v-

L,r6

L2
t+6

tr
t+6

âL

3
ã5

46
x

46
tË

L3
12
I+6

å$

L3

L3
L2
t+6

:F

46
&

L+6
#.

L2
x

L?3*t36
t36"-1.?3
Lz]*J-Ð6
L36-.L21+-TL?
LL? *r?.+*L36
L36*L23"
123*,1)6
L36*L23
L36*L2?-L?B
LzB*)-27
r?]*L36
L36-r23
L23*1û6
136-L23

116
LI? -L2t+-I36
L36*l-23

116
LLZ -I2Lþ-I36
L36-L23
L23-L36
136*r23
L4-r36
L36-L23
IzL-Ll-6
116*1?.1

End at z 3. O0 Pi{

Tj-me Recorded: I " 
40 HOUR

Change of
Direction Points

(l

t*g

116*115
115*116
L23*l-36
1-36*r23
L23*L36
136
L36*L23
121-116'
116-12r
L']6-11?

49

L2
46

t+6
'Ã.

Lv6

LLZ ^L1.6
L?,3*L36
L36-r23
l.23-L36
L36^r23
121-]16
116*L2r
T?3-D6
L36*L23
LzT-LL6
rzLt.-L36
L36-L23
L4-136

.. L36*L23
123 -136
t36-123

Dest ination
Point

Date: Oet ,27 ,74
Startinq Time: 10" 50 Al¡t

End at: IZ"OO Noon
f ime Recorcled: l.1O Hour



136

ACTIVITY:

-PERSON:

'CATEGORY:

TI¡4E AND MOTION

SAFlE

SAIVIE

SA}18

STUDY OF PERSOIINEL

.ACTTVITY:

PERSON:

CATEGORY:

7

T?

3

Destination
Point

Change of
Direction Points

Date: S:

Starting
.i{E

Time: Iu20 PM

t+6

t+g
++

L2
.!4

L2

3
åL

Lþ6
*+

49

46
s

t+g
t¿

46
+f

Lþ9
1+

I+6
I

49
*
3

49
.!e

L23*)-36
136*]-23
L23*D6
L36*rz3
12:*l-16
TL6*L?L
121-1I6
116-i-2ï
L36*L22-L?B
L?B*J.22
Læ*L36
L36*L23
Læ*L}6
L36*rz3
rn-L36
L36*L23
Ln*r36
t36^L23
r23-L36
L36*r23
L4^L36
L36-L23
Læ*r36
L36-t23
L23*l-36
t36-L23
L36*L?2-r2B
L2B;L22-L36
L36-t22*L2B

End at: 3.O0 P M

Time Recorded: 1"40 Hour

Destination
Point

Change of
Direction Points

Date: Oe

Starting
"2O rTA

Time: 2,OO P l,i

l4

t4'6

11'6

46
It

t+6

13
t+6
bo
t+6

¿t-

t+5
t+6

IA

L9
t+6

t+6
.^l

t+g
v-

11

t+6
ås

I1
*f

)-L? *Lztt'-]l6
L36-r24-1J?
rL7 -LZL|-L36
L36*Lzt+*t-L?
rl?*L24*136
L36-LZÌ+*L7"?
LL7-L2t+;136
]36^L24
L?L-3-22-L36
L36-
L36
L36-LzLt*L1-7
LL6..L22*L?B
L?B*L22-L36
LL?*L2t+*L36
LLg-L2Lþ-L26
r26-L36-
LLZ*L24-l.36
L36-Lzt+-L36
LI?-Lzt+-V6
LI? *l2Lr-136
136-12,1+-LL?
LL6-LaL
r21-116
LL?-r24-r36
L36*l.24-Lr7
116-121
121-116

En<l at: 3 " 
OO P¡ri

Time Recorded: loOO Hour



r37

ACTIVITY:

.PERSON:

'CATEGORY:

TTT.IE AND MOTICT'I

SAi.lE

SAirrE

SATVIE

STUDY O}- PERSONNEL

ACTIVITY: SAME

PERS9N: SAME

CATEGORY: SAlvlE

Change of
Direction Points

Destination
Point

116-12I
121-116
LL? *L24-L36
L36*L?t-t'-LL?
LL6*T22*L?B
].28*722*!16
IL| *Lzt1-L36
L36--\2t+-117
116-l-21*
121--116
116
116
LL? *1"2t1"-L36
L36-Lzt,'--11-?
rL? -L2Iþ*r36
1364-22^L?B
1-28^L22*Ð6
136*L2t4.-LL7
LL? -L24*L36
L36*LzLt,*LLT
116*121
L23-V6
136-r22-r2B
LzB-L22*LL6
rLZ *L24-)36
136-Lzt+-117
LLZ-L2L]'-L36
L36-L24-LL?
LL? *L24-L36

L3
s-

46

t+6
r+3
t+6

&

46
+

1l-
49
43

a

t+6
t+

t+6
l*'

t+6

Date: Nov" 2e7O

Sliarting Time: J"00 PI4

End at: ConF
Time Reccrded: Cont.

Change of
Direction Points

Destination
Point

136--L23
L22*LL6
LL7-t-24.-L36
L36*r24-LL?

LL?-],zL|.-]^)6
L36*J-zLt,-L:L?
t ¡ I a ô4 a ôôLL(J-,j-a/-@LLO
LzB-,L22*I\6
l\7 *Lzt¡'*LJ?
L36*7.24*Ll*?
116
1r6
LT6*L22-L?B
LzB-T22."TL6
Ll.I *ltLz*a35
T36*L24-LL7
rL? *L2t+*L36
136*LzI+-LL?

t+3

46
{!

L3
Áâ

Date: SAI{E

Start.ing Time : S/ri¡iE

End at: l¡"OO PM

Time Recordecl = 3,O 0 Hour



138

ACTIVITY:

-.PERSON:

'CATEGORY:

7

L3

3

TI¡4E AND I',ÍOTION STUDY Otr PERSONNEL

.A,CTIVTTY: SAMB

PERSON. SAM E

CÀTEGoRY: SAME

r+g

I2
t+g

3t+
å.-

L2
JÍ:

L2

2B
at

L2

1¿r.
a

t+6
x

I2
fi'

L.2
{s

T?
#

T7*

Change of
Direction Points

L22-7"36
L36*L22
116
116
L22*L36
L36*\2?
L2?*LzB-107
LO? *L2B-L22
116
116
116
116
L22*T?B-LO5
10 5-L2B-r22
116
116
116-117
117-116
L22-r36
l364-22
r16-
116
116
116
116
TL6
L?2-L24
Lzt+*L22

End at: ]t"OO Noon
Time Recorded , ZIOO Hour

Destination
Point

DaLe: Oct .26 r7O
Sta..rting Time: l-O" 0OAI{

Change of
Direction Points

L6
"þ

L6
+6

dlo

L.a

t+6

4g

2B
.l*

L2
{8

7
s

6
s

r22-L23
L23-L22
L22-L23
L2+-L36
L36*tzt+
116-11?
11?*Ï16
Lzt+-L36
L36--Lzt+
L22*r36
L36*r22
L22*L36
L36*T22
L22*LaB-Lo6
LO6*L2B*L22
116
11ó
LZI
I2L
T2T-L2O
LzO-LzL
T2?-LzB-LØ6
LO6-L2B-L22

Destination
Point

Date: Nov "2 r70
Startinq Time: 1.15 Pl.1

End at: 3,15 PM

Time Recorded z 2"OO Hour



139

ACTIVTTY: B

-PERSON: 14

.CATEGORY:3

TIME AND }IOTION STUDY OF PERSONNEL

ACTIVITY: SA}îE

PERSON: SA[18

CATEGORY: SAME

Desti-nation
Point

Change of
Direction Points

ñ^L^ -lJdLë "

Sta::ting
)cE.22 rf O

T.ime : l-O 
" 
45 All

t+ç
_.i

2

)

L,5
t

18
'¡f

r_5
.¿i

r+g

t+6
.tt

t+6

t+6
æ

3

t+g
t$

J-Tt+*,1_36
L36*1"24
L?Lþ*L22*L28
LzB-L22*A24
'J.?Lt'*T?2*3."28

Lzg-"\22.-\24

J^24..-1.22*1-28
TzB*T2?-L?L|
L25*T2t+
L2t+*]-25

Lzt+*L}6
L"t6-LZI+
L2t4,-L36
L36-L24
r24-L36
136-LZt+
rzt+-L36
L36-LzI+
r?t+-L22-LzB
LzB-L2?*Lzt+
L24-L36
Lj6^L?t+

End at: 12"00 Noon
Time Recorded: lulJ Hour

Destination
Point

Change of
t¡irection Points

Date: Oct "27 s70

StarLing Time: 1" 20 PII

JI

)
J'

t+6

rB
'¡f

}B
Ë

T¿.L
JT

ZB

t+g
å

2B

1B
t+g

4g
&

a.>

s
¿el '

JS

L?I+-LZL*T2B
LzB-L?2*L7t+
L2t+*L36
l.36-1.2]+
L2s-LZt-¿'
7"2t+-3-25
L25-L2,Lt
L2J+*L25
1r7*1r-B
1]-B*rI?
r?t+-Laï^rO5
Lo5*T2B-L24
L24*L36
L36*Iù+
LZL+*L?B-LA
LO5-L2B-Lzt+
125-I2t+
L26*t)6
L36-l'2t+
rzt+^L36
l-36-Lzt+
r24-r22-L28
L?B-L22-T24
117-118
1]B-117

End, at: 3.3O PIII

Time Recordedz 2.LO Hou_r



r40

ACTTVITY:

.PERSON:

.CATEGORY:

TIT4E AND MOTION

SAiviE

SAME

SAIViE

STUDY OF PERSONNÉL

ACTIVITY: 8

PERSON- L5

CATEGORY: 3

Change of
Direction Points

Destinal-ion
Poant

þo
4î

1B

t+6
'li'

)
e

31+
.v,

}B

lL2
+t

Lþ6
tb

4o
*

t+L

27
#

t+.9
.!å

LLV
117
7-25""L21P'
L2t1.-L25
12tl,*1,.*,6
L36"-T24
L?L!*L22^LzB
TzB*L22*L?I+
Lzl!'*L?z*LzB
LzB*L22*L?t+
L2t+*j-22*L?B'L?B*L22*Lzt+
7-25*L?L+
LzLt,*L?5
L2t+-L22*LaB
LZB*L22-:.ZËu
r2t+-L36
L36*LzLl
LL?
Lr7
].].7-1i-B
118-117
L24*r2B-Lo5
LOI"-LZB-:.zt+
Lzt+*L36
L36-ril+

Date: l{ov"2u7A
Starl-inc; Time : 1" 20 PI,f

End at : 1" 55 Pl4

Time Recorded z 35uMl-nute

Destination
Point

Change of
Direction Points

4g
1¿$

46
'i{'

tl.6

3t+

2B
16

t+6

Lt+
46
.+s
r4

'L

3
36
3t+

¿t

14''

35
t+

49
,*

Date: Oet .22 e7O

Starting Time: 1_o

IzÀr"-136
L36^LZLþ*L25

L24'^L36
136*r24
Lzt+-L36
1.36*LzI+
J"ztv*:L22*LZB
L\B-722*L21+
L2+*T22-LO
Lo6*L22-L23
L?-t+
Lzt+-L36
136*Lzt+

Latl.-L36
L36-LzI+

L?t+-L22-L28
107-110
110-lO9
LO6-t2B-L22

L?,t+-t22*LzB
rz9-]-.a?-r24
t?t+-r36
L36-L?I+

End at: 12"00 Noon
Time Recorded z ?uOO Hour



T4T

ACTIVITY:

_PERSOltl:

.CATEGORY:

TI¡48 AND I'ÍOTÏON

SAME

SAME

SAI,lE

STUDY OF PERSONNEL

.A,CTIVITY: 9

PERSON 16

CATEGORY: 3

Destination
Point

Change of
Direction Poi-nts

Date: Nov"2ç 70

Starting Tinte: 1"20 Pi'I

49
tf

Lzt+*L36
L36*Yzt+
,24_1-pZ*1-?.8
LZB*L22-L24'
L2t+*L36
L36*7.2!r,

LZlr,r;L3'6
'L36."-rzLt
LzI+*L22*LaB
TzB*T22*L?I+
L2Ll'
L2t+
L2t+
L24
Lzt+*L36
L36^t?t+
J.7\,L-I36
L36*LzI+
r2|4.-L36
t)6*Lztþ

34

49
+i'

14

4g
'¿4

33

t+2
tri

42
*É

t+6

Lt6
x

t+6
{+

End at: 3"20 P¡I

Time Recorded: 2,00 Hour

Destination
Point

Change of
Ilirection Points

Date: Oel

Starti-ng

t+6
.r!

2B
t+6
,+O
t- -+L
?a
41
20
2B
t+5

.x.

40

l''11
-rg

þ1

&o
'tt

2B
*

1ll.

Lþ3

44.
r7
r+3

29

'õ r28 s7O

Time :11. 
" 

0C)

Lilt'*J.z6

LzB*La6*La 5
LA6"-1.28-'r-26
L?,6*3_25
aÞ^trö*._
L?'j-z?Lt,
118
L26
L22*L?B
106
128
L2¿+*1-L7

12¿|*117-118

1-24-117-118

Lzt¡.*LL7

r2B-1o7

iz'+-tzs

L23

r-o6

End at: Conto
Time Recorded: Cont"



L42

ACTIVITY:

-PERSON:

.CATEGORY:

TI¡48 AND MOTION

SAME

SAI,lE

SAI4E

STUDY OF PERSONNEL

ACTTVTTY: SAYIE

PERSON. SAME

CATEGSRY: SAME

Destinal-ion
Point

Change of
Direction Points

Date: S,

Start.ing
.I.18

Time: SAÏ¡iE

t+l+
-ri

4,5
Åp1

1B
¿+o

,+l

ll'o
t+L

't1

43
*!

t+3
#

22
¿k

40
¿11

28
tþ5

{*

llo
1lr

.!f

2B
lú

þo
t+3
*

LO6*LzB

Lzt+*L36
].26
L26
121+-11-7
L\B*tZ5

L26*rztt

LzLt*T36

124-r17

L26-L22^ro6
106

LZh,-LW

r28-ro6

t?Lt'-IL?
Lr?-L24-t22

End atz I2,OO Noon
Tinre RecorCeC: 1"00 Hour

Destination
Point

Change of
Direction Points

Date: 0e

Starting
t"2Oe'20
Time "' 1.. o 0O Pl'i

t+3

t+3
6

14

1¿.¡.

1B
45

l+o
*

2B
.ta

3

Lt4'
t+6

.*

14

t+6
#.

33'
43

*t
I+4

t+6

L24-L25
r af. ì ^ r'LL+*Lá)
12AL
12?

L24*LL?

t2B*106

128-106
106-128

rzt+*L26
L?6-L24
r24-L25
L25-L2t+
L24-L26
126*L24
L22-LzB
toT -LzB

L24-L?6

Ilnd at: 3,00 PM

Tinre Recorded: 2o0O Hour



l-43

ACTTVITY:

*PERSON:

'CATEGORY:

TI¡48 AND I'IOTION

SA['rE

SAI,TE

sAI,Ip,:

Change of
Direc L.ion Point s

STUDY OF PERSOI'INEL

ÀCTIVÏTY:

PERSON:

CATEGORY:

9

17

3

Destination
Point

L23
L22 *]'26
12 Ã^\ 22
T22-'L23
128*106
Lo6*-LzB
LZB*T27*LZL
L?r*].2?
L23*L?2-L28
LzB*L?Z*L23
L23*L22-L?L
LZT*IZ?,*L23
L23*L?2-121.
LZL-L22-T23

L22-LzB
106-128-121.r
Lzl+*L22*LZB
LzB
L22*LzL
L?T.T22
L22^tzg
106-L2B
128-106
106-r2B-L22
I22*LzB

Date : l{ov ,2 uTA

Starting Time: L,L5

L3
tf

I+j
a

35
r5
t+5

*t
13

&

35
Lv3

3
¿s

E¡rcl ¿rt: 2 
" 
15 PM

Tirne Recorcled: loO0 llour

Destination
Poinl-

Change of
Direct-ion Points

4

ll.ç

Iy6
2B

39
JL

41
29
brf-
/+o

4.1
')+

41
.l*

4L
it0
41
t+g

41
4o
].6.
t+5

16
3t+&

Starti.ng
ct,2A,lO
Ti¡ne : l-1" 00 AIil

l-2þ,-7,2L

Lzt+.-Lz6

t-Zt.tr*LZ6
]-?2.*LO6

L'ìaz*\O7

12þ*r17
L25*L2?."LO6

LL? -Lzt+
L2(>

L26

L26

l-]-7-_1.25
t?2^I2B

j-28*10?

End at: I2"OO Noon
Tirne Recordecl : 1" 00 l{our



]-44

ACTIVITY:

..PERSON:

.CATEGORY:

TI¡4tr AND MOTION

SAME

SAME

SAT1E

STUDY OF PERSONNEL

ACTIVITY: SAIú18

PERSON: SAF1E

CATEGORy: SAI'{E

Destination
Point

Change of
Direction Poirrts

Date: S

SLarl-ing
A.ME

Time : 1" 00 Pi'.t

1+5
v-

i¿o

r!5
.!Ç

L+6

þ1

þo
4'

t+6

L6
1r

ôô))
t+5

43
3B

tt
I6
t+5

ât_

+l
r+5

4l
2B

)*

L?t+*L22

Laì+*Lj()

1"21+-r22

L26

L26

T?I.L*LL7

L21+*L26
L26^-L2tt'
L2g
LzLþ-1-22^LaB
106*128
L2B
128*107
t?B*L2?-L24
L29 ^LzLr
T22-,L?B
r2B-L22*t24
L2L\,*L23-
128
tzB
r23-!24
Lzt+*l..a9-Lo6
Lo6*LzB-t24

E¡rcl at: 3. 0O pM

Time Recorded: 2"O0 Hour

Destination
lrornt.

Change of
Direction Points

2B
t+5

D,Q

b<
t_b

29

33

L6

4.d'
+?

t+3
'¡ç

16

I6
'ta

+t+

44
x

44
B

44

Starting
v,2 rlO
'1'rme :

LZI\-L?.9.JLO6
TA642B
LzB-t-o6
ra6-^I2B--Lztþ
LZIJ,-I'?.8*106
1,06-l-28
L?B*J-22
Lzt+*A2g
a24*j_28
106-128.-1zti
3-24-)-28*:LO6
LO6-LTB-"t-24
I29-LZLy
I2lr,*f'29
I2g*Izt+*1"2.3
L23^L?.4*Lzg
Lzt+-Tzz-.r28
LzB^L22^l-24
L29-tzv
LzLþ.L29
rzg-r24
L24-T2g
Lzg*r24*r23
r23*L2+^L2g
r2g*L24-r23
I23-a24*t*
12Ç-12L¡,^a73
I2B-t27
r27 -LzBL23-I24^tzq

üncì aL: 2"2O PYt

Time Recorded: lu 00 l{our



14s

ACTIVTTY:

-PERSOTI:

'CATEGOR.Y:

TIME

10

}B

2

AND }lOTION STUDY OF PERSONNEL

ÀCTf VITY: SAVTE

pERSON: SAirtE

CATI]GORY: SAME

Des'LinaLion
Poi-nt

Change of
Direcl,ion Points

Date: 0

St.arting
c8.26 g70

Time : 10 
" 
45 AIq

'\i1

9
4g
L2

Ltg
'il

L2
t+6

#-

1g
-ìL

Llr6

3
l+

L!3
+t

B
l2

¿f

4g
{+

9
t+,9

'¡Ê

T2
åf

L4
It

t+6
lú

T2t+^L22
L22;Ð6
L2)4.*TT',ï
}I?-3-2t4'
r26*t36
: eÁ,-.t 's (,Å; v*'46'v

7.2t1.-.L]-7
LI? *LZ|,L--L36
L36*L26

126*L36
L36-LZ2*L?B
LzB*r22-"Lzt+
T22*LzB
tzg-L22
rz9*A22*r2B
LzB*L22.-TL6
LL6*L22*L24
t?6-136
1.36^L26
LzLl*l-22
r22*L36
L36-t26
LzLþ*l.X?
LL? -rzt+
L2+-t25
L2|-LZLI
L?6-L36
L36-L26

End at: ]2"0O Noon
Time Recorded: 1.15 äour

Destination
Point

Cha.nge of
Direction Points

Date: S.

Starting
liE

Tj-me: -I-,"2O Pi'i

¿¿.1

1,b
ll

lJ,f
4-o

l. ¿+,
43
45

t+6

3t+
Lþ3

)+6

14

k6

t+g
'x-

l+
¿.-

L26
L¿O
L22-T28.-'Lo6'ra6-LzB*T22.
r?.ro
r.18,
L7-B*L26
L2r4,*L2?-L?B
L28
L2FJ
tz\-r2z*L2t+
J-26*L36
136*L224a6
ro6*!28
LzB*L22
L26-L36
L36^L26
L?tt.*L?5
L25-"L?t+
L26*ï36
L36*r26
L26*L36
L36-L26
Lzt+-].22-TL6
LL6-r22*L24

End at: 3 "2O P M

Time Recorded: 2 
" 
O0 liour



L46

ACTIVITY:

.PERSON:

.CATEGORY:

TTME AND I'IOTION

SAI\TE

SAIVIE

SAME

STUDY OF PERSONNEL

ACTÏVITY:

PERSOI'I:

CATEGORY:

10

L9

)

De s ti-nation
Point

Change of
Direc'bíon Points

Date: Oc

Starting
,27 r7O

Time: 10" 15 Alol

4.ç

o
(_)

1¿f

l+g
.¡t

3a
J.r6

4ç
I+6

lf

12
tf

tt
20

t26.-'L36
L36.-1-2.6
LZLþ*Lz.z--L7B
LzB^3"?.2*L?L'.þ
r24*L25
'L25*T?j+
L26*L'J6
L36*726
L22*L28*LO6
LA6.."\22^r36
w6*L26
L26^L36
n6
L36*L26
124*1r-7
]'L7.-A?1+
r22*L28-l-A6
l.o6*L2?L2t+
L26

[nc] at : 1] 
" 
OO Al'1

T.i mc Recorded , 45 Mlnute

Change of
Direction Points

Destination
Point

T26^L22
L22*L26
L26*L36
136*Lztt"-117
L2t1."..L?.6
L?6*:122-1..O6
Lo6-L2.2-r26
126*136
J.?6*LzZ-LO6
Lo6*'L22*r26
L36*L26
\26^T22*LA6
LO6*r22*L?6

L26*L36
136^r?6
L26-t22*]..2B
LzB*L22-L26
L26*Lj6
136-L26
L26*L?Lþ
rzt+-r26
126*Lj6
126-L7t+-Lt?
L24-L26
126-L24
LzL+-L26

9
+!

t+g

L2

33

t+6

3t+
t+6

35
+!

1B
!-

4g
aq

2
P-

tvg
â*

L2
x

t+6

L2

T2
1*

Date: Oet "20 þ7O

Startinq Time: 11.O0

End at: 12.00 Noon
Time Recorded: 1"0O Eour



L47

ACTTVITY:

-PERSON:

.CATEGORY:

TI¡48 AND }{OTÏON

SAME

SAI'18

SAME

STUDY OF PE}ìSONNEL

ÃCTIVITY: SAI'IE

PERSON: SAI1E

CAT.EGORY: SAME

Change of
Direction Points

Destination
Point

Change of
Direction Points

Date:
Sta::ting

iATViE

Time : 1.l0 PI{

L)

13
"*

13
3L

.,1

2A

t+g

ô
7
&

20
B

o()
#'

B
¿ç

T2
*t

3L
35
36
49

#
46

f

126*LZtl.-L25
L25-L2tt'-1.26
L26*r2t+-ï25
L25*t-24*-t26
L25*L2t+*l.26
L2)+*1.?.2Å,A6
LO6-L22*L26
L26
]-'26
126*L36
L36*r26
126*L22
L22-t26
L62
T24*L22^L?B
LzB-L22-L/t'
L26-LzZ*r2B
LzB-L22*l.26
L26*T?2*T2B
LaB*12.?-LZ6
T26*T24*IIV.
IL? *L2t+-L2.6
L26*L22*LO6
L07-109
109-110
l-O? -L2?*t36
t36-r26
L26-r36
L36-t26

l.incl at: 2"40 Pl'l

Tirne Recordecl: 1o lO Hour

Destination
Point

t?6*L36
t zAJ.)v
t36-1.26
L26*L22*]'28
LzB*L?2*L26
126*r)6
L36*'126
3-26-L36
v6- L2,6
rz6*L36
L364-26
L26*r36
L36*1-26
L26*L24-L25
L?I,L-L22
L22*Lzt+
12/+-126-106
Io? -T22-L36
136-L26
L26-L36
t36*L26
L26*L2tt-L25
IzJ*a24-125
r26-L22-Lo6
Lo6-r22*L26
r?6*L2Z-LO6
Lo6-r22-L36
t36-L26
t?6-r36
L36-L26

-r(

t+g

46

3

11'6

'l+

46
r.t

Ltr6

¿t

46
+r

33
49
*

46

Date: Nov .2 u|O
Starting Time : 1.å0_3-l{

Lìnci at: 2.50 Pl'Í

Timc Iìccorded: 1" 30 Hour
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ACTTVÏTY:

-PERSON:

.CATEGORY:

AND I"ÍOTION STUDY OF PERSONNEL

ACTIVITY: SAI'ÍE

'ERSON. 
SAI,íE

CAT.EGORY: SAT4E

TI}4tr

10

2A

3

Destination
Point

Change of
Direction Points

Date: Oc

Starting
E,2A s7O

Tíme:11"0O AM

4u1
*'

1B

t+g

'oLþ6

IO
4r1

1t

Lv6
Ë

33
T9

rÉ

3
?r

46
+t

3L*

]'26
L26
til+
L2TI,
L2J+*L?6
L26
rz6*L36
L26-
L26
L26-Lzt+
ril+*r26
L26-LzI+
Lzt+-r28
ra6*L22*L26
126^L?I+
Lzt+-L22-L2B
rz9*7.22^L?t+
L21+-L26
L?6-t2t+
T?LI*LZB-LO6
lo6-L2B-Lz\L

End at: 12"00 Noon
Time Recorded: lnOO Hour

Destination
Point

Change of
Direction Points

No¡¡.2 o70
SLarting Time: l-1O PÞT

t24:L22*Lt.6
LT6*L22*L?.1+
Lzt+*L26
L26-r7t+
Lzt+.:L26
126^1"21+
LZI^\'*]26
L26*L24
rz4--LzB-Lo6
LO6-LzB-L7t+
12+
L2t+

I

r+lt+l{sl4sI¿*t
t+g 

I.1+ !tvs i*t
35[
18 I,+l

I

I

I

I

I

Encl at: 4,10 PM

Time Recorded z 3"OO Hour



L49

ACTÏVITY:

-PERSON:

.CATEGORY:

11

2T

l_

TI¡4E AND }ÍOTION STUDY OF P]IRSONNEL

ACTIVITY: SAI'18

PERSON. SAI{E

CÀTTEGORy: SAIrIE

Destinat.ion
troínt

Change of
Ilirection Points

Date: Oe

Sta.rting
"22 e70
Time : 10 

" 
ll5 ¿m

D'
4&

22

9(
r6
22

ttg
,t

It
4

t+g
?f

t+g

9
lL,o

É
t+g

')i

22
*

zz
&

j-3.2

r32

W3*L36"-Lzt+
l-21-l-16
T?L-L23
T26

tll*tl6

t36*L23-Lr6
LL6-L23-L)6

1i3^r36
L36*l,24
L21+*r36
L36

a32

End at: 12,00 Noon
Tirne RccorcleC: I"15 Hour

Change of
Direction Points

Destination
Point

L32*L36-L22
LzB-L?2-r32

136-1o1
r-01-u6

??

22
t+g

22
y.,

2'
a
{f

?2
'¡å

4g
+f

22
l*

22
]
af

2Z

22
tf

t|,g
JL

22

Date: Nov ,2 u|A
Startinq Time : 1" 1.5 PM

End at: 4"oo plI
Timc Recordec z 2.4J Hour



Is0

ACTTTTTY

PEBSOM

CATEGORÏ

TIME

11

22

3

6

I

I

å.NÐ MOTICIi$t STUDY OF PEBSONNEL

ACTI TT s SAME

pERSON s SAME

CATEGOBy I SAIllE

t

DestÍ.nati-o
Polnt'

Cha.nge of
Ði.:reebLon PoLni;s

DErte I 's'u.artln[
.üff.?'l?o 

"t+s P

l-r.o

t+j
4c¡

l¡a\.)

bo
x

t+g
-r:

o
2't-

2L

46
2
lt

T36

L36-Tz.t+*L23

't 1¿-
J-)a
t .>L 1 olt. 't c'à
L)V*J-L1 "--La )

L36

L36*Lzl+
r32

L3z

D6
L36-r24-LzB
L36*L26

End. at s 12.00 Noon
Slne Record.ed. ¿ 1"15 Hour

Destlnetlon
?oânt

Change of
DLreet'ton Poi-nts

ÐaËe I
Starblnt

\Tov"2, ?O
I Tlure I 1.15 Pivl

}B
¿F

23

tJ.6

4

It'o
.iir

ZL
*å

2L
46
Lt'o

2L
5
Y¡r

1
49

-tc

t36*L26

L3r+

Ð6
L26-\22,-11.6
LL6-L22-L26
L36

r32
L32
t32
v6
L36
t36-r33
j-32
t36*r2Z-1'l-6
tL6-r22-L36
136*].01
101-136
t36-L33

End. at ¡ 4uoo PM

Tlne Becorded_ t 2,&5 Hour
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ACTIVITY:

-PER6ON:

'CATEGORY:

TI}48 AND I'IOTION STUDY OF PERSONNEL

ACTIVÏTY:

PERSON:

CATEGORY:

L3

2t+

3

L2

23

2

Date : ifov ,2 u7O

Starting Time : 1" J-5

L36

136

1.36-128
LzB*L'J6
l-3t+
L34

Pþ1

à-

1+6
'/!'

t+,9
.ti'

4g

2L
âl

30
++

22
,JT

Change of
Di::ection Points

Destination
Point

Encl at: 5"00 PM

Time Recorded 3.45 lÌour

Destination
POINT

Change of
Direction Points

Dai:e: 0

Startinq
cT "2O ,7O

Time: 10" Lvq n

1Åí'
)t

46

t+6
'.:i

46
li

46

46

t+6

o

4¿
lç

1+6

46
.4

t+6
Jg

L36^T26
L26*L36

L36*Lztþ-r22
r22. til+-L36

End at: l2"OO Noon

lime Recorded : 1'fJ Hour



l-52

ACTIVITY:

.PERSON:

.CATEGORY:

TII4E AND I'IOTÏON

SAT'1E

SAI'TE

SAI4E

STUDY OF PERSONNEL

ACTTVITY:

PERSON:

CÀTEGORY:

Destínation
Poi-n.t

Change of
Direction Poi-nts

D¿rte: Oc

Sta::ting
in 20r?a
Tírne ; 1o 15 Plt

&6
¿k

L2
'¡r

t+6
'ls

t+6
lrt"

t+6

t+6
+t

lJr6

t+ç

L2
,tt

1.]6.-3-21þ-Ï17
L3.?*T2t+-:136

L26*L22*TT6
LL6^L22-L26

r-36
1-36*L24*117
LT? *rzLv-L36

Encl at: 3. OO PM

Tirne P.ecorc-lcc1 : 2.,4J

Destination
Poini-

Change of
DirecLion Points

Date:
Starting 'I',lme :

IlnC at:
T ime Recorcied:



APPENDIX D

rnteractions betrveen any pair, of activities were

obtained by summing up the number of exchanged visits
betiveen different destination points located within their
boundaries. A complete set of tabres shoiving the inter-
actions between different activit'ies are shown in the

fol-lowing pages

i_5 3
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ÏNTERACTTONS BETIVEEN ÀC.1ÌII1ITIES
- t -.

VISITING ÀCTIVTTY: 2

tVISITING PERSON: u

CATEGORY:

RECETVING ACTIVITIBS

\LII 2 3 4 5 6 7 o 9 lro 1L lLz 13 h¿ l5

Er
H
H
H
(-)
d,

CJ
r<
r-l

o
Ér

m
E{
H
Ø
H

ft{o
ú
H
FA

Þ

tí

*
'h

*

t:

¡i¡

Total- visits in
4.00 hours 0l r-l r'l rl r-l \o (n

e4

.+-{ o
CN

Tota1 visits/day v) C\ c{ c\ì (\I GI
F.l

\o
C\l

cO o
\o

I'iodified finaL
interactions \o C\] C\ì C\ c\ì

(\¡
F.l

\o
(\¡

æ o
\o
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VISTTING

VIS TTING

CATEGORY:

TI\jTERÀCTIONS BET\{EEN ACTIVITIES
a

ACTIVITYz 2

PERSOI.I z J

3

RECEIVING ACTIVTTIES

L 2 J 4 5 6 7 B 9 10 11 2 I 4 15

E{
H

H
H
UÀ

il<
U
r-ì

o
H

Ø
H
H
øi
H

fr{o
u4
Êl
ca

Þ

r3 $

:3

È¡

TotaÌ visits in
4.00 hours Fl Fl rl c\¡ *!

-l
N ç'{ \o Ê\ @ t\

cr\

Total visits/day c{
c! ôl -+ @ @ C\l (\I

F{
.:ù
r{

\o
F{

{¡\

l.loCifieci rin:rl
inte::actions

C\] c{ AI :t @ æ (\I
cq
F{

jl
F{

\o
rl

-\¡t\
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INTERACT'IONS BET'I.]EDN ÀCTIVITItrS
-õ

VISITING 1\CTIVTTY: 3
,VISII.'ING PERSON: l}

CATtrGORY: L

RECEIVING ÀCTIVITIES

\LJ1 2 3 4 5 6 7 oo 9 t0 It lz 13 h.¿ 15

>{
Fr
H

H
H
U
4

U
4
r-l

o
H
U)
Ét
H
U)
H

tt{o
ú
f.l
m

Þz

f$
s

{r

*

TotaI vi-sits i-n
4.00 hours

F{ rl ftì F{ \Êl F{ F{ rl r{ C! c\
r{

Total visits/day C\l
Fl ÎPl (\¡ F{ Fl c^ Fl Fl

rl
c.-
cq

l'lodified final
in{:c ract-i-ons

ô¡ rl À
F{ Fl Fl F{ (\ (n Èl

rl
co
C$
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Ï}ITE}ìACT'IONS BETI,JEI]N ÀCTIVIl.'IES

VISITTNG ACTIVITY: 3

VTSTTING PERSON 5

CATEGORY:

RECEIVING ACTTVITIES

Ir.i1 2 ')
J 4 5 6 7 B 9 t0 It bz

a1IJ Ir¿ l5

F
H
H
Ft
U
4

()
d

o
H
U)
F.t
H
U)
H

É.{o
&
i'l
ca

Ð

*
1!

.¿

s

ta

Total visits in
4.00 hours

c{ -¡ C\ s-l F.l + cn (1
Fl

rl
cr^t

Total- visits/day
cf\ ¡f\ { rl F,| \n cñì \o

rl
@
cî\

ì'1ocìifiecì. fina.l-
i-nLeractions

cl V\ .:ù F{ F{ cn (\ c\l
F{

c{c\
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ÏNTERÀCTTONS B]]TWEJJN ÀCTI\:ITINS
-a

VISITING ACTIVITY: I+

VISITII.IG PEP,SON : 6

CATEGORY: 2

RECEIVING ACTIVTTIES

tLII 2 -) 4 5 6 7 B 9 10 1l n) 13 [¿ I5

E{
H
H
r
U

U
4r-t
o
F

c/)
ts
H
Ø
H

Êqo
ú
H
Êa

Þz

:l¡ ¡:(

t'f

*

*

s
ri(

Total- visits in
4.00 hours \o \ c\l C\¡ cft +ãt

s{
N
c-\

Total visits/day c\ì
r-{

o
F{

-¡ .+ \o co
C\¡

.:ù
\o

l'lodified final-
interact.ions

(\I
rl

C)
s{

(\¡ c{ \o co
Fl <)

tf\
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VISITING ÀCTIVITY:

VISTTING PERSON:

CÄTEGORY:

Ii\TtrRÀCTIONS
,

{L

7

BETtr^]EEN ¡\CTTVITIES

RECEIVING ACTIVITIES

lt"I 2 f
J 4 5 le 7 B 9 Ito 11 Iz I Ia' L5

>r
H
H
l>
H
F
U
4
r
c)
f<
r-ì

o
H

Ø
Ë{
H
m
H

ftro
É
r!
m

Ðz

&

,!.

:l

åF tt

ú,

*

Total visits in
4 " 00 hours t\

Fl
CN Fl -!

.¡ c\ì rn co C\¡ ol C\ì

TotaI visiLs/ci,ay .:+ô \o (\ì Ð ..:+ \o
\o
F{

+ ìÌ :l
@

l"lodified final
i-nteractions

À<(\ \o N o ":t \o \o
r{

jÌ :ï -+
@
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ÏNTERÀCTIONS BETI,\]JJEN ACTIVITIES
-a

VISTT]NG ÀCTIVITY: 5

VISITING PERSON: B

CATEGORY:

RECEIVING ÀCTIVTTTES

\T,I 2 ')
-) 4 (

6 7 o ct 10 t_1 _2 13
I

¡-4 L5

Þ
H
H

H
F
U
4
ù
O
r-t

o
H
U)
Ét

,H
Ø
H

Ê{o
ú
t'l
ca

Þ

*
s
*

aL

r!,

:,!

Total visits in
4.00 hours

cn Cî F{ <
ç-{

ôl
ôt

Total visitsr/day \o \o c\l co c{
c\ì -+

l.lodified final
interactions

\o \o r{ e{ ca @ ôt
c{

o
-ì-



161

INTERÀCTIONS I]IiTI{Ef,I.i ¡.C1.:IVITIES
,-

VTSTTTNG ACTIVITY: 5

VISIl'Il'lG PERSON : 9

CATEGORY: )

RECEIVING ACTTVITTES

\L]I 2 î
J 4 5 6 7 B 9 10 11 t_2 13 b"¿ t5

>r
H
H

tl
H
U

rH
U

=l
o
F{

u
F
H
U)
H

fqo
&
Þl
@

Þz

s

ú

rt

+

:ß

Total visits in
4.00 hours

\o
F{

NI cf\ ià r--{ F! \o
c{

Total visits/day
(\¡
cn

.:Ù \o @ CQ c!,
ìl\

l'lodified final
interactions

ôt(\ -t- \o @ r{ C\l c{\^
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ÏNTERÀCTIONS

. 
-. 1

VISITING ACTIVTTY: 6

VISTTING PERSON: 10

CATEGORY: 3

BETT^¡EEN ACTIVITItrS

RECEIVING ACTIVTTTES

\L]1 2 3 4 5 6 7 9 rU 11 ,.2 t3 h-¿ 15

Þ
H
H

H
E{
U
É.;

È
U
4r-ì
ou
(/)
t-t
H
m
H

ft{o
&
Êl
Êq

Þz

$

'*
fÉ

:lr

Total- r¡isits in
4.00 hours r{ rl c-l N c\ -¡l{

I'otal vj.si l-s/day c\t c{ \o +
jà

F{
cO
c\ì

tlo,Cified fin.rl-
interact.io¡rs ôt c\l r+ :Ì iù

F{

\o
C\¡
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VISITING ÀCTIVITY:

VISIT'TNG PERSON:

CATEGORY:

INTERACTTONS
'a

7

L1

2

BETI^JEEN ÀCTIVITIES

RECEIVING ACTIVITTES

\LII 2 aJ 1l 5 6 7 B 9 10 I1 "2 I3 [¿ 1.s

F
H
H
H
U

r!
U
,<
r-r

o
H

Ø
H
l-{a
H

t4o
ú
F]
Êa

Þ

*

fF

&

.t

*

,l(

)F

I
q+

*

Total visits in
4 " 00 hours

t $.1 r¡-\
c\l

J{
F{

-{{

Total visits/day ú\ ç{ C!
0.\

s{
C\ì

-$
\o

Þlodificcl final
intc::aci-ions \ F{ c! Fl ì

ca
Fl
N

\n
\J-\
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ÏNTERÀCTIONS BETI^]ËDN ACTIVITIES

.t

VISTTING ACTIVTTY: 7

VTSTTING PERSON z 1?

CATEGORY:

RECEIVING ACTIVITIES

1 2 3 4 5 6 7 ó 9 IO t1 íz aa
.LJ li¿ l5

>t
F
H

H
F
U
4

U
'{
o
H
v)
F
H
U)
H

trro
ú
Él
Êa

Ð

ak fF

J.

¡k

.t

*

Ê.

Total vi-sits in
4.00 hours c-l \ r{

(\
C\¡

cn Õì
cfl

Total visits/day c{
O
r{

C\ì \o
JÈ

\o \o
\o

Itlodified final-
interactions cO

c)
r{

(\ tf\
c.\

\o e{\o
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INTER/\CTIONS BETI,\,EEN AC]].I\: ITIES
a-

VISITING ACTIVITY: ?

VÏSTTI}JG PERSON: L3

CATEGORY:

RECETVING ACTIVITIES

\LI1 2
.j

4 5 6 7 Õ 9 LO l_t _2 IJ tr¿ t5

Þ
E-t
H
H
ts
U

Þrl

(J

o
H
U]
F
H
t/)
H

Ê-{o
ú
Êl
m

Þz

*

To'ta1 visits in
4.00 hours

ç{ c! el (\ (Y"\ c\ s< e\
F{

Total visits/day N j+ C\¡ \o \o \o co -+
cf\

l'lodified final
interactions

C\I -+ C\¡ \o \o \o @ jt
rn



l-66

ÏNTERÀCTIONS BEThItrJJN ACTIVITIES
'a

VISITING ACTIVTTY: 8

'VISITING PERSON z 1I+

CATEGORY: 3

RECETVING ACTIVTTIES

\LII 2 3 4 5 6 l B 9 t0 11 Iz 13 h"¿ I5

H
H

Hú
U
4

U

o
H
(n
H
H
tn
H

É¡o
ú
f¡l
Êq

Þz

$

{.

/F

*

* *

¡,t

Total visits in
4.00 hours

o\ (\¡ ?-| \o \o (q È\ -¿cn

Total visits/day +
Fl

cî c\¡ O
F{

()
F{

\rl Fl
F{

rn
\¡'\

l'!ocl.ifiecl final
interactio¡rs

.:+
F{

(\ OJ o
F{

o
r{

\f\
F{

r{
r
\n



l.67

VISITTNG

VÏSÏTÏNG

CATEGORY

INTELìACTIONS
..,

ACTIVITY: B

PERSON: 1 4tJ

2)

tsETIVEtrN ÀCT'IVITIES

RECEIVING ACTIVITTES

\LII 2 3 4 5 6 7 B 9 10 I1 t2 I3 ii¿ l5

E-r
H
H
H
(J

rJ{
U
t-1

o
F
t/)tu
H
(n
H

tr{o
Í,tl
ca

Þz

{r

*
J,

$

Total vi-sits in
4.00 hours \o F{ r- c-4 ì^ o

OJ

Total visits/da1' CN AI .:+
ç{

C\¡ o
F{

O:f

t'lodified final
inte r.rc t ion s CQ

e{
C\] -*

Fl
C\ì o. o\

cr.\
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V].SITING

VTS ÏT'INJG

CATEGORY:

INTEïCTIONS

ACTIVITY: 9

PERSON: L6

3

BETI^IEIìN z\CTIVITIES

RECEIVING ACTIVITIES

\LII 2 I 4 E
J 6 7 Õ o LO 11 lz I3 L4 1s

>t
H
H

H
H
U

t\
U
4
F]

o
ts
q
F
Hq
H

f'¡
(J

Êl
Êa

Ðz

È;

rl

,{S

tr

Tota1 visits in
4.00 hours

\o s-'l .:+
rl

(.¡..i

$.1

sãl \o @ cr^\
ìl\

Total visits/day N C\¡ co
(\¡

\o
c\I

oO C\l C\¡
Fl

\o
r{

.O
O
F{

Modified final
interactio¡rs

C\t
F{

c\¡ @
c{

\o
c{

co Àl \o
Fl

\o
r+

s-'lo
rl



l-69

ÏNTERACTIONS I]ETh]ELN ÀCTIVITIES
',

VISITING

VIS ITING

CATEGORY:

ACTIVITY:

PERSON: L

9

7

3

RECEIVTNG ACTIVf ITE q

I 2 1J 4 5 6 B 9 t0 I 2 I 4 t5 Li

H
H
H
H
U

lr{
U
4

o
H
(/)
Er
H
v)
H

ft{o
Ét
Êl
m

Þz

:!

{<

Total visits in
4.00 hours

tf\ F.l c-.! À{ co +{ c\ c.\ c\
(r\

Total visits/day o
rl

c\¡ c{ co \o
r{

@ jù

F{
\o \o

\o

I"lodified final
interactions o

c{
AI

C\l
@ \o

!.,{
@ +<

F{
\o \o

\o
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TI{TERACT].ONS BETT{trLN ÀCTIVITItrS

.-t

VISITING ACTIVITY: 1.0

VIS IT'ING PERSON : L8

CATEGORY: 2

t'...

>{
Er
H
H
H
U

H

U
É4
r.l

o
F
(f)
H
H
U)
H

flo
ú
t{
Êq

Þ

RECEIVING ACTIVITIES

\L]1 2 3 It 5 6 7 B 9 IO 11 L2 L3 A t5
*
:$ }F

rk

Total visits r-n
4.00 hours

\o r.{ .+ ç \o tf\ @ co d

--I

Total visits/day co Fl ì.^ @ @ \o o
F{

o
rl

\o
ìJ^\

I'lodified final
interactions @ d t¡^ì @ CD \o O

Ft
o\ 1ì^



L7I

VISITING

VISÏ1'ING

CATEGORY:

ACTIVITY:

PJ]RSON:

INTE]ìACTIONS
a

10

10

3

BETtr^]EEN ÀC.I'IV ITIES

RECEIVING ACTIVITIES

\LIl 2 3 4 5 6 7 B 9 l0 11 -2 13 b-¿ l5

t-{
H
H
Fr
U

U
ñ{

o
H
(/)
F{
H
U)
H

f..{o
ú
Þl
Êa

Ð

*

¿ *

4r

rf

+

'd(

Total visits in
4.00 hours

o
e-{

î{ \o ca
s-.1

cu lr\
r{

o\ r^
ìf\

Total visit.s/day O
CU

cü C{ !
$t

-* o
cî co

F{
o
F{
e.l

I'lodified final
interactions

o
ßt

c\I ôt
!-.{

+{
c{

iù o(n \o
Fl

coo
rl
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VISÏTING ÀCTIVITY:

VTSITTNG PERSON:

CATEGORY:

INTIìIìACTICNS

10

20

3

BETI{trEN ÀCTIVITIDS

RECDIVING ACTTVITIES

\LII ¿ ')
J 4 5 6 7 o 9 l0 l Iz 1 h't I5

H
H

H
H()

rì
d
r-1

o
Er

C,r]

F
H
(/)
H

ft{o
ú
f.l
Êa

Þ
él

$ *

Total visits r-n
4.00 hours

J, q-{ C\¿ cr\ iù +
ç{

Tota1 visits/day @ c\l A \o co @
c\¡

Modified final-
interactíons æ c{ -* \o \o \o

c\l
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II\ITEIìACTIONS BETI^]IIEN ACTIVITIES

',.
VISTTING ACTIVITY: LL

VISITING PERSON ' 
2L

CATEGORY:

RECEIVING Ã.CTIVITTES

\L]I 2 3 ¿ 5 6 1 o 9 10 l1 lz 13 h-¿ l.l)

Þ
H
H
H
H
U4

U
4
Él

o
Fr

ci)
H
H
Ø
r-l

Þ{o
ú
Êl
cq

Ðz

*
{c

f,{

{.

*

Tota1 visits in
4.00 hours Fl (\} (f\ s{ o\ \o

F.{

Total visits/day N l' \o CU @
rl

C\ì(\

tloclificd final
in tc ractions C\l .:* C\ì C\¡ @

r{
co
ca
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INTERÀCTIONS }3ETT{EtrN ÀCTIVITIES

.-a-

VISITING ACTIVTTY: LT

'VISIT'ING PERSON: 22

CATEGORY: 3

F{
H
H
F{
U
4

U

o
F
(/l
Fr
t+
Q
H

tt{o
ú
r]l
ca

Þ

RECETVING ACTIVITIES

\LTt 2 3 4 5 6 7 oU 9 lro 11 lz 13 h.¿ t5

q;

* Ër ¿¡

Tota] visits in
4.00 hours

F.l C\t È{ C\¡ t{ F{ cî c.- cO
rl

Total visits/day c{ + c{ JÈ¡ C\¡ N \o <
r{

\o
Cñi

I'iodifiecl final
intc r¿rctions

C! + NI C\¡ C! \o C\l
r{

+
(f\



L7s

ÏNT]i]ìÀCT IONS
-,

VTSITING ACTIVITY: T2

VISITfI,IG PERSON | 23

CATEGORY: 2

B]]Th]EtrN ACTIVITIES

F
H

H
H
U
4
tsk
U
4
3l

o
F

CN

F
H
m
H

Þo
ú
Þ1
Êa

Þz

RECETVING ACTTVITIES

\L]1 .),
')
J 4 5 6 :/

Õ 0 11 v2 13 [¿ 15

gr

Total visits in
4.00 hours rl (\T Fl CU \o

Total visits/day (\¡ :ì' NI À
-,¡ (\l

Fl

I'iodifiecì final
interactions c{ i+ C{ :t (\

r{
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II\TERÀCTIOI.IS BETI,,]EIIN ÀCTIVITItrS

.a

VISf TING ACTIVITY: 1,3

'VISIT'ING PERSON 2l*

CAÎEGORY: 3

RECETVTNG ACTIVITIES

\L]I t: 4 5 6 7 B 9 i0 1.1 IL2 I Llt 15

Er
H

l{
H
U

Ér
(J
r<
f-1

o
F

Ø
H
H
U)
H

ft{o
ú
F]
Êa

Þâ

Tota1 visits in
4.00 hours r{ Fl CQ rl rl \o

Total visits/day c\l c\ì C\l cu N
Fl

l'lodified final
inter:actions c! C\I jà CA C\¡

(\
Fl



APPENDTX E

The cost figures on the university of Manitorra

Administration Building, as obtained from the accounting
department, are shown in the next pages, t.ogether with a

letter addressed to the personner of the Registrar's office
to notifSz them of the particulars of the work study to tal<e

place in the office.
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THE UNIVERSITY OF MANITOBA

Emter-ÐepartrzremÉaå Cornespomderaee
L7B

DA,TE October B 1970

ro t4r. A. Grant Reqistrar's 0ffice

FRoM G. E. Phill'i Seni or Accountant

SUBJECT: COST FIGURES ON ADMINISTR/\TiON BUILDII\iG

'lhe fol'lor,,r'ing are the cost fi gures you requested .irr

1970, (except nos. 2 and 3 vrhjch we discussed on the

l. 0r'iginal Cost of Administration Builciing (tel4)

4 . 0perati ng and f,'iai ntenance Cos ts

5. To'bal annual salary costs of emp'loyees in the
Acinrj ni strat'i on llui 1 di ng

your menro dated 0ctober

telephone).

$ 27l,4oo

$ 43,21¿13

$ I ,4.58,615

5,

I hope 'l-hi s 'infonlla.'ti on 'is suf f i ci ent 'tor ,vss¡ reqiri rements .

I lvoul d appreci ate i 'b very nruch i f you coul d sencl us a copy o'i' tlre res ul ts of

the stud¡r.

GEP/j i



TFIE UN|VETìSn-Y OF MANITOBA 
a..

ìf " t-ìt
rtìì [cÌ"-Jt , i:"ì l'i::;;.cil'; l: I Cor"l"cg t.rrìd** ** 17 g

x. - --L'-

oarr 5 October 1970

ro AIjL Mìi_Ulllì\$_ lILlLtilÌ RlrcISTRA.lìrS SI}\FF

i'¡io¡v-ìll:^-J,.-*l-itugbe-ç"--.IÌ-qgrrE"r-¿í:ã{l*rrb
a

suoJËcT: OlìiiICIÌ T,A.)loil't STLIDY

'

Per--ioclic¡r1ly during the ner{t morÌt-h }fr. l-lusscin Tar¿f iii v¡i11 be
coudtrcting a sLLrdy in the Iìegistrarrs General Offj.ce aLrcl the Aclmissions
Officc, Ilr'. Tar,.'filt is a ]lasters of Archi.tectul:e stuclent ancl is
e¿L¿rììì)cing to devclop a uretirod of dcsigning an o'l'fice building so
t-l'r¿rt iì- tvilI provide pleas¿ìrì.t surroundings for the employees ancl at
l-hc s¿rlile tiite be alranged to rninilnize f-he number of tintes personLrei
i',:rìri L gei up frora tileir clesl.is ¿:Lnc1 also iniLrlnize tl-re lengths of tLrcse
tiips r.'iien Lhey f i-nd they rnust lnove arouncl .

¡L'. 11,:v¡f ili rvill be obse::r¡ing Lhe movcmerlts oÍ tlerscns in these
tr.zo offices and r+iII be plotlii-rg these oa a boar-d. rt is hopecl that
tire rcsui.ts of l-irís s tudy ririll aLlor¡ us to cio a bctter job r,,'hen r,re
L.,.,-..L r-l-^ ^1ãlu9- liiu ur¡-icc u:icicr thc proì)cteC s1,-\Lct. e>:pansicn- The cL¡je-ci:ir,r¿
of this layout r'tilJ- I,re to in¿rlie cve::yonc I s job as en joyable e.s iioss íble .
Plcase be assur-ed that lir. Tar.¡f ikr s obsc:lval-ions r+ill Ín no i+ay be
r-rseci in iÌre crraluati-on of ¡'eu¡ job i:erforiììarìce" It r,/ou1d be unreali.stic
io bclieve char any assessmcnt of ar-L of.f.i.ce r,¡ori<er¡s perforiì.Ìance coulcl be
based on â si:udy of his nioverilents in ihe ofÍice. Therefore, \,re asli your
cooper-útion in thí.s s tudyo

Shoulcl you 1i1ce mcre infornation regardiLrg this study please feel
free to aslc }ir. Tar¿fik or I'fr'" Allan Grant, who will be helplng hiär with
this project"

Tiraillc you in advance for your cooperaÈÍon.

/bc


